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Background: Magnesium is an essential mineral to the human body. During 
adolescence, rapid rates of growth are accompanied with an increase in nutritional 
demand for magnesium. Despite its abundance, intakes among adolescent males have 
been found to be inadequate in many countries. The National Nutrition Survey (NNS) 
in 1997 found intakes within New Zealand to be adequate, but key dietary sources were 
not identified. In the later Adult Nutrition Survey (ANS), magnesium intakes were not 
reported. Due to changes in the food supply, technological developments, consumer 
preference and behaviours over time it is important to update the information 
concerning intakes and dietary sources of magnesium for the New Zealand adolescent 
male population. 
Objective: The aim of this study was to investigate the magnesium intakes and the 
main dietary sources among the adolescent male (15-18y) population of New Zealand. 
Methods: 135 participants were recruited from six schools across Dunedin, Wellington, 
Christchurch, Rotorua, Tauranga and Auckland. Participant demographics, health 
information and dietary habits were assessed through self-administered online 
questionnaires. Anthropometric measurements were taken and used to assign a BMI-z 
score to participants. Dietary intake was assessed using two non-consecutive 24-hour 
recalls. These were performed using a three-pass multiple pass method. Recalls were 
entered into the dietary analysis software, FoodWorks 9, which was used to calculate 
energy, macronutrients and micronutrients intake. Foodworks 9 used the 33 food 
groups included in the Adult Nutrition Survey to identify the main dietary sources of 
magnesium. Estimation of usual intakes was done using the multiple source method 
(MSM) programme. The EAR cut point method was used to estimate the prevalence of 
inadequate intakes within the convenience sample. 
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Results: Participants had an average age of 16.6 years (SD=0.7) and a BMI z score of 
 
+0.4 (SD=1.1). Participants predominately identified as New Zealand European or 
Other (57%). Based on the 2018 New Zealand Deprivation categories, participants 
mostly came from moderate levels of deprivation (42%). At least one 24-hour dietary 
recall was completed by 102 participants. The average median intake of magnesium 
was 318.3mg/day (25th percentile=259.7, 75th percentile= 364.9) with 61.8% of 
participants consuming intakes below the estimated average requirement (EAR). The 
five main dietary sources of magnesium were bread (10.4%), grains and pasta (10.2%), 
milk (8.9%), poultry (7.7%) and fruit (6.4%). Collectively the food groups ‘grains and 
cereals’ (26.5%) provided the greatest source of magnesium to participants followed by 
vegetables and fruit (18.7%), meat, fish, poultry and eggs (16.2%), and milk and milk 
products (11.9%). 
Conclusion: Despite consuming magnesium from a variety of sources, approximately 
61.8% of participants consumed intakes below the recommended EAR (340mg/day). 
This aligns with global literature, which frequently estimates 60-70% of adolescent 
males consume inadequate intakes. Due to the immediate and subsequent health 
implications of low magnesium intakes, action to resolve suboptimal intakes may be 
required. This may include interventions at an individual level (e.g. education) or 
national level (e.g. fortification, supplementation, subsidies and tax). To justify any 
action, research using a nationally representative sample is warranted to investigate 
magnesium intakes and main dietary sources of New Zealand adolescent males. 
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Preface 
The candidate of this research project conducted this study under the supervision of Dr. 
Bernard Venn. This was done in five months, as part of completing a Master of 
Dietetics (MDiet). This thesis belongs to the Survey of Nutrition, Dietary Assessment 
and Lifestyles (SuNDiAL) study funded by the Department of Human Nutrition at the 
University of Otago. The principal investigators of this study were Dr. Jill Haszard and 
Dr. Meredith Peddie. The study co-ordinator was Tessa Scott. 
 
 
This multi-centered, cross sectional survey was performed across New Zealand during 
2019-2020. The aim of the SuNDiAL 2020 study was to describe the nutritional status, 
dietary habits, health status, attitudes and motivations for food choice, 24h activity 
patterns and screen time of 15-18-year-old adolescent boys. During 2019, nearly 300 
female adolescents from eight locations around New Zealand participated in the 
SuNDiAL project to investigate this. The SuNDiAL 2020 project will produce 
comparable data from adolescent boys within New Zealand allowing for comparisons 
between the female and male adolescent populations. The creation of an overall dataset 
will be produced to describe the diets and lifestyle habits of New Zealand adolescents. 
 
 
The candidate, Isla Foote, was responsible for: 
 
• Completing a literature review on the topic of “magnesium intakes and the main 
dietary sources among adolescent males” 
• Recruitment of two high-schools in Auckland, New Zealand 
 
• Creating and presenting a power-point presentation explaining the SuNDiAL 
study to potential participants at two high-schools in Auckland, New Zealand 
• Recruitment of 110 participants at Macleans and Wesley College 
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• Completing data collection for a portion of the consented participants in 
Auckland, New Zealand, including the following: 
o Taking anthropometric measurements 
 
o Administering accelerometers and accelerometer logbooks 
 
o Performing two 24-hour dietary recalls (either in person or by zoom or 
phone calls) per allocated participant 
• Entering raw dietary data into Food Works 9 (Xyris Software; Australia Pty 
Ltd) from allocated participants 24-hour dietary recalls 
• Performing statistical analysis on the 136 participants using Microsoft Excel 
2016 
• Creation of all tables and figures 
 
• Interpretation of the results 
 
• The writing of this thesis 
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Magnesium is a mineral with extensive roles in the body (Gröber, Schmidt, & Kisters, 
2015). Its use in over 300 enzyme systems, structure within bone, and the regulation of 
deoxyribonucleic acid and ribonucleic acid synthesis makes it an essential mineral for 
optimal function (Alfrey, Miller, & Trow, 1974; Gröber et al., 2015; Kimura, 2007; 
Özdemir, 2016; Seo & Park, 2008). During adolescence, rapid growth and 
developmental changes occur. This increases requirements for magnesium (Özdemir, 
2016). During this time, inadequate intakes may result in impaired growth and 
development within an individual as well as health complications in later life such as 
T2DM and osteoporosis (Özdemir, 2016; Rosanoff, Weaver, & Rude, 2012). 
 
 
Evidence from around the world estimates that a large proportion of adolescent boys do 
not meet recommended intakes (Australian Bureau of Statistics & Food Standards 
Australia and New Zealand, 2015; Masuet-Aumatell, Ramon-Torrell, Banque-Navarro, 
Davalos-Gamboa, & Montano-Rodriguz, 2015; Food Standards Agency & Public 
Health England, 2018; Klimis- Zacas et al., 2007; Meng et al., 2018; Mensink et al., 
2013; Olza et al., 2017; S. Sette et al., 2011). The current New Zealand dietary studies 
are outdated, with the most recent available magnesium intake data for adolescent boys 
being reported in the 1997 National Nutrition Survey (Russell et al., 1999). At this 
time, contrary to global trends, it was found that the intakes among adolescent males 
were generally sufficient, however investigation into the main dietary sources were not 
included (Russell et al., 1999). 
 
Adolescents are heavily influenced by macro and microenvironmental factors including 
marketing, technological shifts and their peers (Moreno et al., 2010; Story, Neumark- 
Sztainer, & French, 2002). Additionally, over the past decade there has been an 
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increase in the availability of magnesium poor processed and fast foods (Moreno et al., 
2010). These evolving factors make it hard to ascertain an estimation of magnesium 
intakes today, as it is not clear how these changes have impacted this populations 
dietary intakes since 1997. This study will provide up-to-date information on the 
magnesium intakes and the main dietary sources of the adolescent male population. 
 
 
The aims of this study were to investigate the magnesium intakes and the main dietary 
sources among the adolescent male (15-18y) population of New Zealand. 
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2. Literature Review 
 
2.1 Literature review methods 
 
Literature searches were conducted from September 2019-May 2020 using Medline, 
PubMed, EMBASE, Google Scholar and Scopus. The key search terms ‘magnesium’, 
‘adolescent’, ‘adolescence’, ‘teenager’, ‘teen’, ‘male’, ‘boy’, ‘dietary’, ‘intake’, ‘dietary 
magnesium’, ‘food sources’ and ‘nutrient intakes’ were entered into the search engines 
in combinations. Relevant literature was used to identify the role of magnesium in the 
body, global, and national intakes as well as dietary sources of magnesium. Focus was 
given to the adolescent male population. Reference lists and citing papers from original 
and review articles were used to supplement searches. 
2.2 Background 
 
Magnesium is one of the most common minerals on earth (Gröber et al., 2015). In its 
pure form it exists as a shiny light grey metal, but more commonly exists in complexes 
with other minerals in nature such as calcium magnesium carbonate [CaMg(SiO3)2] 
and magnesium sulfate (MgSO4)  (Kimura, 2007). It is essential to both plant and 
animal life due to its integral roles in photosynthesis and physiological functions 
(Kimura, 2007). As a result, it is important to obtain an understanding of the main 
dietary sources and intakes of magnesium. [mention here that is widely distributed in 
food supply, however…. Up to 80% of dietary magnesium can be lost due to industrial 
and cooking practices such as dehulling, soaking, boiling, baking and grilling (Barciela-
Alonso & Bermejo-Barrera, 2015). The combination of western food processing 
practices and modern food choices makes it harder for today’s population to readily 
attain magnesium from their diet (Schwalfenberg & Genuis, 2017; Vormann, 2003; 
Workinger, Doyle, & Bortz, 2018). Thus, an investigation into dietary intakes and 
sources is warranted. The purpose of this literature review is to evaluate the studies 
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which have investigated magnesium intakes and main dietary sources of magnesium 
with a specific focus on adolescent males. 
 
2.3 Distribution and function in the body 
 
Magnesium is the fourth most abundant mineral in the human body (Gröber et al., 
2015). The average adult has a total body store of 21-28 g, which is predominantly 
stored within the skeleton (60-65%) (Whang, Hampton, & Whang, 1994). This plays a 
fundamental role in the inorganic structure and acts as a reservoir for the body in 
magnesium homeostasis (Alfrey & Miller, 1973; Alfrey et al., 1974; Quamme, 1993). 
The remaining is found in the muscle (27%), non-muscular soft tissue (7%) and in 
extracellular fluids such as serum and red blood cells (1%) (Mann & Truswell, 2014). 
 
Magnesium has an essential role in a variety of physiological and biochemical 
functions (Kimura, 2007; Vormann, 2003). It is required for the regulation of 
deoxyribonucleic acid and ribonucleic acid synthesis and structure, which are the 
foundations for cell growth, reproduction and membrane structure (Seo & Park, 2008). 
Magnesium is the essential ion for cofactors of more than 300 enzyme systems 
involved in anaerobic and aerobic energy metabolism, protein synthesis, fatty acid 
metabolism, muscle and nerve transmission, cardiac function, blood glucose control 
and blood pressure regulation (Gröber et al., 2015; Kimura, 2007; Whang et al., 1994). 
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2.4 Regulation within the body 
 
Magnesium exists in a dynamic equilibrium within the body (Vormann, 2003). The 
interplay between the absorption of magnesium in the small intestine, and exchange 
with the bone and renal excretion enable this to occur (Seo & Park, 2008). 
 
The primary regulation of serum magnesium occurs from the absorption of magnesium 
within the kidney (Kimura, 2007). The kidney has mechanisms which make it efficient 
at either conserving or excreting magnesium, based on the individuals requirement at 
that time (Seo & Park, 2008). Urinary magnesium excretion typically matches the net 
intestinal absorption (Seo & Park, 2008). Approximately 2400mg of magnesium is 
filtered through the kidney daily, of which only approximately 100mg/day (~5%) is 
excreted (Seo & Park, 2008). 
 
Intestinal absorption of magnesium occurs in the ileum and jejunum of the small 
intestine (Gröber et al., 2015; L. Hardwick, Jones, Brautbar, & Lee, 1990; Vormann, 
2003). Here, magnesium ions are absorbed by passive and active cellular uptake 
mechanisms, which are assumed to not be under hormonal control (Vormann, 2003). 
Once absorbed into the blood stream magnesium is taken up into cells until the normal 
intracellular ionized concentration is sufficient. 
 
The intracellular magnesium stored in the bone is protected in acute magnesium 
deprivation (Quamme, 1993). The intestinal absorption coupled with the excretion from 
the kidney are sufficient to counteract small disturbances in magnesium balance. This 
eliminates the need for intracellular losses (Quamme, 1993). 
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The absorption and excretion of magnesium isn’t sufficient in maintaining the serum 
magnesium concentration during prolonged periods of magnesium deprivation (Alfrey 
et al., 1974; Quamme, 1993). When magnesium depletion occurs in the serum, a third 
of the intracellular magnesium in the bone is free to be exchanged with the extracellular 
serum to equilibrate the concentration of magnesium (Alfrey & Miller, 1973; Alfrey et 
al., 1974; Kimura, 2007; Seo & Park, 2008). The magnesium present on the surface of 
the bone is able to be exchanged to regulate the serum concentration (Alfrey & Miller, 
1973; Alfrey et al., 1974). When the duration of the depletion is sufficient to exhaust 
the exchangeable pool, the non-exchangeable pool appears to deplete, reducing bone 
density (Alfrey & Miller, 1973; Alfrey et al., 1974). 
 
2.5 Measuring magnesium status 
 
Total magnesium serum concentration is maintained within a tight range (1.7-
2.2mg/dL) due to homeostatic mechanisms (Reinhart, 1988; Schwalfenberg & 
Genuis, 2017; Wacker & Parisi, 1968). Serum magnesium is the first approach in 
measuring magnesium deficiency (De Baaij, Hoenderop, & Bindels, 2015). This is an 
inexpensive, accessible and sensitive way to identify acute dietary magnesium 
depletion in healthy subjects (Jahnen-Dechent & Ketteler, 2012; Reinhart, 1988; 
Wacker & Parisi, 1968). It can also be used to identify some clinical syndromes that 
respond to magnesium salt replacement therapy (Jahnen-Dechent & Ketteler, 2012; 
Reinhart, 1988; Wacker & Parisi, 1968).  
 
As serum magnesium accounts for a small fraction of the body’s total magnesium, 
results are not always reflective of true intracellular magnesium stores (Reinhart, 1988). 
Measurement of bone, muscle, erythrocytes and lymphocytes would be more reflective 
of an individual’s magnesium status, but techniques are not readily available for clinical 
use (Cashman & Flynn, 1999). Some disease states such as type 2 diabetes mellitus can 
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present normal serum magnesium concentrations, despite intracellular stores in bones, 
muscles and blood cells being low (Barbagallo & Dominguez, 2015; Kimura, 2007; 
Wacker & Parisi, 1968) It is recommended that if clinical symptoms (e.g. leg cramps, 
chronic fatigue and sleep disorder) are suggestive of magnesium deficiency but normal 
serum magnesium values are presented, a 24-hour urinary excretion should be used to 
rule out deficiency (Wacker & Parisi, 1968; Workinger et al., 2018). Despite 
magnesium balance studies reflecting the intracellular stores more closely, this method 
requires renal handling, which can have confounding factors such as age 
(Schwalfenberg & Genuis, 2017). 
 
2.6 Deficiency and excess 
 
Magnesium deficiency can arise as a result of disease states (e.g. Crohns disease), 
inadequate intake, intestinal absorption issues and resorption issues within the kidney 
(Kimura, 2007). In the early stages, magnesium deficiency presents with non-specific 
symptoms such as loss of appetite, lethargy, nausea, vomiting, fatigue and weakness 
(Gröber et al., 2015). More pronounced deficiency causes neuromuscular excitability 
resulting in tremor, carpopedal spasm, muscle cramps, tetany and seizures (Wacker & 
Parisi, 1968). Hypomagnesaemia, defined as a serum concentration of <0.75mmol/L 
causes cardiac arrhythmias, decreased mental function, convulsions, worsening 
hypertension and coma (Gröber et al., 2015; Whang et al., 1994). Symptoms have been 
found to reverse upon magnesium administration (Jahnen-Dechent & Ketteler, 2012; 
Shils, 1964; Wacker & Parisi, 1968). 
 
Hypermagnesemia, or magnesium intoxication rarely occurs (Topf & Murray, 2003). It 
has been found to occur in patients with renal insufficiency, medical treatment 
involving diuretics or overuse of magnesium salts and magnesium containing drugs 
(e.g. magnesium infusions in parenteral nutrition (Kimura, 2007; Topf & Murray, 
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2003; Wacker & Parisi, 1968)). This presents as neuromuscular toxicity with initial 
losses of deep tendon reflexes, flaccid paralysis, apnea, lethargy, confusion and coma 
(Wacker & Parisi, 1968). Cardiovascular toxicity can arise with bradycardia, 
hypertension and potential cardiac arrest and potential mild or asymptomatic 
hypocalcaemia (Topf & Murray, 2003). Treatment can include discontinuation of 
magnesium administration or magnesium containing drugs, administration of calcium 
gluconate and potentially haemodialysis (Jahnen-Dechent & Ketteler, 2012). 
 
Symptomatic magnesium deficiency whilst consuming a normal dietary intake is 
uncommon (Mann & Truswell, 2014; Vormann, 2003; Wacker & Parisi, 1968). Low 
plasma magnesium concentrations can occur if there is prolonged intake of dietary 
sources low in magnesium (Shils, 1964). This can arise in starvation and in patients 
receiving parenteral fluids not supplemented with magnesium (Vormann, 2003; Whang 
et al., 1994). Likewise, the levels of magnesium required to cause hypermagnesemia 
are extremely unlikely to be supplied by the diet in the absence of renal insufficiency 
(Topf & Murray, 2003). 
 
2.7 Magnesium and disease 
 
Deficiency often presents in individuals who have hypertension, diabetes mellitus, 
osteoporosis, arrhythmias, pre-eclampsia and the metabolic syndrome (Gröber et al., 
2015; Rosanoff et al., 2012). It is suggested that high magnesium intakes are protective 
in the development of various chronic and inflammatory metabolic disorders (Gröber et 
al., 2015; Rosanoff et al., 2012; Vormann, 2003). A meta-analysis of randomised 
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double-blinded, placebo-controlled trials found supplementation with magnesium 
improved blood pressure in individuals with type 2 diabetes mellitus (T2DM) (Zhang et 
al., 2016). Observational studies also suggest magnesium deficit worsens co-
morbidities of T2DM (e.g. renal decline and coronary artery disease) due to the 
declining regulation of insulin signaling (Barbagallo & Dominguez, 2015; Rooney et 
al., 2019). However, dietary sources rich in magnesium, such as wholegrains, could be 
a confounding factor within these studies because they provide other nutrients such 
fibre, which have been found to reduce risk of T2DM (Yao et al., 2014; Ye, Chacko, 
Chou, Kugizaki, & Liu, 2012). Healthier lifestyles increase the dietary intake of 
magnesium alongside other nutrients (Bo et al., 2011). This may play an independent 
role in improving these conditions, whilst also increasing magnesium intake (Bo et al., 
2011; Rosanoff et al., 2012). 
 
Overall, the evidence suggests that higher magnesium intakes are protective against 
several clinical conditions. Randomised control trials are needed to justify use of 
supplementation in disease prevention (Barbagallo & Dominguez, 2015; Bo et al., 
2011). 
 
2.8 Dietary sources of magnesium 
 
Due to its abundance in plant and animal cells an adequate magnesium intake is likely 
if an individual is eating a balanced, varied diet (Mann & Truswell, 2014). This type of 
diet is defined by the Ministry of Health as consuming plenty of fruits and vegetables, 
choosing mainly wholegrains naturally high in fibre, some milk and milk products 
which are mostly low and reduced fat along with some legumes, nuts, seeds, fish, other 
seafood, eggs, poultry and/or red meat with the fat removed (Ministry of Health, 2015). 
10	 
Rich dietary sources of magnesium include nuts, wholegrain cereals, seeds and legumes 
and their derivatives (The New Zealand Institute for Plant and Food Research Limited 
& Ministry of Health, 2019). Large quantities can also be found in green vegetables 
such as boiled spinach, fish, poultry, seafood and some meats such as pork (The New 
Zealand Institute for Plant and Food Research Limited & Ministry of Health, 2019). 
Dairy products provide smaller amounts of dietary magnesium (The New Zealand 
Institute for Plant and Food Research Limited & Ministry of Health, 2019). Poorer 
sources include refined grains and flours, tubers, oils, fats and some meat such as 
sausages (National Health and Medical Reserch Council, Austraian Government 
Department of Health and Aging, & New Zealand Ministry of Health, 2006; The New 
Zealand Institute for Plant and Food Research Limited & Ministry of Health, 2019). 
 
2.9 Dietary factors and absorption 
 
There can be a large variation in the amount of magnesium absorbed from dietary 
sources. Primarily, this will depend on magnesium status of the individual at the point 
of consumption (Gröber et al., 2015). On average 40-60% of dietary magnesium is 
absorbed in a healthy individual (Mann & Truswell, 2014). Studies in rats and humans 
have found that the efficiency of absorption is influenced by magnesium intake (De 
Baaij et al., 2015; Ekmekcioglu, 2000; Graham, Caesar, & Buegen, 1960). Fractional 
magnesium absorption decreases at higher dietary magnesium concentrations (Fine, 
Santa Ana, Porter, & Fordtran, 1991; Graham et al., 1960; Hardwick, Jones, 
Buddington, Clemens, & Lee, 1990; Schwartz, Spencer, & Welsh, 1984). It appears 
that the intestine is protective against net loss of magnesium when intakes are low and 
against hyperabsorption when intakes are high (Fine et al., 1991). 
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Several dietary factors have been suggested to affect magnesium absorption 
(Schuchardt & Hahn Andreas, 2017). High concentrations of calcium have been found 
to inhibit absorption in rats (Brink, Beynen, Dekker, van Beresteijn, & van der Meer, 
1992). A similar effect has also been suggested to occur in humans consuming low 
magnesium intakes (Hardwick, Jones, Brautbar, & Lee, 1991; Sojka et al., 1997). 
However, fractional magnesium absorption has been unaffected by calcium content of 
test diets (Hardwick et al., 1991; Sojka et al., 1997). Despite early work carried out in 
animal models ingesting calcium-rich diets, when similar studies were repeated with 
realistic intakes of calcium in humans, there was found to be no effect (Andon, Ilich, 
Tzagournis, & Matkovic, 1996; Fine et al., 1991; Norman et al., 1981; Schuchardt & 
Hahn Andreas, 2017; Spencer, Lesniak, Gatza, Osis, & Lender, 1980). It appears that 
calcium will only impair absorption if consumed in pharmacological doses (Schuchardt 
& Hahn Andreas, 2017). 
 
A reduction in the bioavailability of magnesium has been found to be exerted by large 
quantities of phosphate, fermentable and non-fermentable fibers, oxalate and phytate 
(Brink et al., 1992; Drews, Kies, & Fox, 1979; Mann & Truswell, 2014; Miyazawa & 
Yoshida, 1991). Phosphate, in its pure form, or as phytate has the ability to bind with 
magnesium within the intestine, forming a complex which is unable to be absorbed ( 
Hardwick et al., 1991). Oxalate has also been suggested to decrease fractional 
magnesium absorption from leafy greens (Bohn, Davidsson, Walczyk, & Hurrell, 2004). 
All of these inhibiting dietary components can be found in fruit, vegetables and 
wholegrains. Despite a limitation on absorption due to this, it has been found that rats 
consuming wholegrains verses white wheat flour have a higher magnesium status due 
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the large magnesium content compensating for reduced bioavailability (Barciela- 
Alonso & Bermejo-Barrera, 2015; Levrat-Verny et al., 1999). 
 
Protein has found to have positive benefits on the absorption of magnesium, with 
human studies finding that high protein intakes increase the bioavailability of 
magnesium (McCance, Widdowson, & Lehmann, 1942; Schwartz, Walker, Linz, & 
MacKellar, 1973). 
 
Timing of intake has also been found to have an effect on relative absorption (Sabatier 
et al., 2011). Steady consumption of magnesium throughout the day, compared with 
fewer, larger boluses has been found to positively affect the bioavailability of 
magnesium in both rats and humans alike (Sabatier et al., 2011). 
 
Food processing often uses industrial processes which can negatively alter the 
bioavailability of magnesium within food (Barciela-Alonso & Bermejo-Barrera, 2015). 
Dehulling, soaking, germination and autoclaving have been found to significant 
decreases in the magnesium contents of legumes, guar and faba bean when compared 
with their raw states (Barciela-Alonso & Bermejo-Barrera, 2015). In leafy greens it was 
also found that common food practices at home such as boiling, blanching, 
microwaving, frying and oven drying lead to a loss in magnesium (Rai, Agrawal, 
Kumar, Rai, & Rai, 2014). The greatest loss occurred with frying and the mineral was 
preserved most with boiling.  
 
Magnesium requirements for adolescent males 
During adolescence, periods of rapid growth are accompanied by physical, cognitive, 
hormonal and emotional development (Mann & Truswell, 2014; Özdemir, 2016). With 
males experiencing large acceleration of growth in bone formation and lean tissue 
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during this time, it is critical that adequate magnesium status is achieved to prevent this 
being hindered (Abrams, Grusak, Stuff, & O’Brien, 1997; National Health and Medical 
Research Council et al., 2006; Özdemir, 2016). 
 
Table 2.1 Recommended intakes of magnesium for males 14-18 years old1 
 












1Recommendations per the Nutrient Reference Values for Australia and New Zealand. (National 
Health and Medical Research Council et al., 2006) 
2EAR= Estimated average requirement. 
3RDI= Recommended daily intake. 
4UI= Upper intake as a supplement. 
 
 
Table 2.1 shows the estimated average requirement (EAR) and the recommended daily 
intake (RDI) for males 14-18 years old as recommended by the Nutrient Reference 
Values for Australia and New Zealand (National Health and Medical Research Council 
et al., 2006). The EAR is the daily intake of magnesium that would meet the 
requirements of half the healthy individuals at a particular life stage and gender. 
Whereas the RDI is the average dietary intake level that is would meet the nutrient 
requirements for 97-98% of all the healthy individuals at a particular life stage and 
gender. When assessing an individual’s intake, both can be used to predict the 
probability of adequacy. Whereas only the EAR should be used to estimate the 
prevalence of inadequate intakes within a group. This EAR equates to 5.3 mg 
magnesium per kg of body weight per day, an amount sufficient to maintain total body 
magnesium over time (Abrams et al., 1997; National Health and Medical Research 
Council et al., 2006). These recommendations are based on results from adolescent 
magnesium balance studies, from which a known amount of magnesium is ingested and 
excretion via the urine and faeces is examined to determine absorption (Abrams et al., 
1997; Andon et al., 1996; National Health and Medical Research Council et al., 2006). 
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These studies have been adopted as the foundation for countries establishing their 
recommended intakes. 
 
The upper intake recommendations for magnesium is based on levels ingested in the 
form of a supplement (National Health and Medical Research Council et al., 2006). 
Hypermagnesaemia has been associated with hypotension and other adverse effects of 
magnesium toxicity including symptoms such as diarrhoea (Ferdinandus, Pederson, & 
Whang, 1981; Topf & Murray, 2003; Zwerling, 1991). This has not been found to 
occur if the same level of magnesium is consumed from a naturally occurring food 
source (National Health and Medical Research Council et al., 2006). This is due to the 
kidney’s mechanism of excreting the excess in urine (Kimura, 2007). 
 
2.10 Magnesium supplements 
 
Another way an individual can obtain dietary magnesium is through a supplement. 
Magnesium has been marketed for benefits towards neurological disorders, sleep, 
reduction of muscle cramps and enhanced exercise performance and recovery (Abbasi 
et al., 2012; Garrison, Allan, Sekhon, Musini, & Khan, 2012; Kirkland, Sarlo, & Holton, 
2018; Rondanelli et al., 2011; Wilborn et al., 2004). Studies among the elderly have 
found benefits in sleep and exercise performance with supplementation (Abbasi et al., 
2012; Rondanelli et al., 2011). Currently, there is insufficient evidence to suggest these 
findings will be reproduced in younger, healthy individuals (Finstad, Newhouse, 
Lukaski, McAuliffe, & Stewart, 2001; Laires & Monteiro, 2008; Lukaski, 2000; 
Veronese et al., 2014; Wilborn et al., 2004). 
 
Association of magnesium and conditions such as migraines, chronic pain, depression 
and Parkinson’s disease have been reported (Kirkland et al., 2018). However, evidence 
supporting these benefits remains unclear (Kirkland et al., 2018). Further research is 
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required to justify magnesium’s use in the prevention and treatment of these disorders 
(Kirkland et al., 2018). It has been concluded that magnesium supplementation is 
unlikely to provide relief from idiopathic cramps among older adults (Garrison et al., 
2012). However, no randomized control trials for the evaluation of exercise-induced or 
disease-associated muscle cramps were included in this review, and the association 
remains unclear (Garrison et al., 2012). 
 
If an adolescent is extremely active, then nutritional demands will increase to support 
the metabolic stress resulting from activity alongside growth (Chinevere, Kenefick, 
Cheuvront, Lukaski, & Sawka, 2008; Szczepanska, Malczewska-Lenczowska, & 
Wajszczyk, 2016). Magnesium plays a role in energy rich compounds, muscle 
contraction and maintenance of membrane properties during exercise (Laires & 
Monteiro, 2008). Increases in magnesium loss in active adolescents can occur through 
excessive sweat and urine which may increase requirements by 10-20% when 
compared with an average sedentary adolescent (Bohl & Volpe, 2002; Chinevere et al., 
2008; Lukaski, 2000; Nielsen & Lukaski, 2006). Magnesium intakes less than 
260mg/day may result in a magnesium deficiency in male athletes in this case (Nielsen 
& Lukaski, 2006). Therefore, supplementation may be required to support exercise 
performance and growth demands (Nielsen & Lukaski, 2006). 
 
2.11 Global intakes and dietary sources of magnesium in adolescent males 
Despite its abundance, estimated magnesium intakes of populations around the world 
have been found to be below recommendations (Australian Bureau of Statistics & Food 
Standards Australia and New Zealand, 2015; Cristina et al., 2015; Garipagaoglu et al., 
2008; Klimis-Zacas et al., 2007; Meng et al., 2018; Mensink et al., 2013; Olza et al., 
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2017; Pennington, Young, & Wilson, 1989; Seidler, Ksiazek, & Sobczak, 2013; 
Stefania Sette et al., 2013). Table 2.2 highlights that adolescent populations are not 
exempt from this, despite variations in study design and geographical locations 
 
Despite widespread malnutrition across the continent, magnesium intakes in African 
countries have been found to be adequate among its population (Table 2.2) (Adeyeye, 
Adebayo-Oyetoro, & Tiamiyu, 2017; Barclay et al., 2003; Joy et al., 2014). A study 
performed within villages surrounding the hospital in the Democratic Republic of 
Congo found magnesium intakes to be generally satisfactory among their population 
(Barclay et al., 2003). The mean daily intake of males 14-18 years was greater than 
80% of the RDI (Table 2.2) with the largest contributor to this intake being cassava 
(>50%) (Barclay et al., 2003). Despite the low number of participants within this study, 
this trend was consistent when estimation of magnesium intake was done for 46 
countries across Africa (Joy et al., 2014). The risk of deficiency was low (0.7%) among 
the population with a mean supply of 678mg per capita per day. This was attributed 
mainly to ‘cereals’ (65%) and ‘roots and tubers’ (11%) (Joy et al., 2014). 
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1 Only inclusive of all those relevant to this thesis (i.e. included ages 15-18 and were male) unless otherwise specified. 
2 Milligrams per day, unless stated otherwise. 
*adjusted for within person variation. 
** LRNI: Lower Reference Nutrient Intakes. The amount of a nutrient that is enough for only a small number of people who have low requirements (2.5% )(British Nutrition 
Foundation, 2019). 
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****plausible reporters only. 
***** all participants within the study 
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Magnesium intakes were examined using national survey data from studies performed 
from 1997-2010 across countries in Europe including Belgium, Serbia, Netherlands, 
Denmark, France, Germany, Poland, Spain and the United Kingdom in 2012 (Mensink 
et al., 2013). It was found that magnesium intakes below the EAR were common in 
Denmark, France, Poland, Netherlands and the UK for the 11-17-year-old age group 
(Mensink et al., 2013). In many countries >5% didn’t reach the lower reference intake 
(from 0.4% of German and Spanish males to 47% of UK females) and many 
adolescents had intakes below the EAR (ranging from 2% of German males to 86% of 
UK females) (Mensink et al., 2013). More recent investigations among Polish and 
Spanish intakes suggest magnesium intakes have not improved (Table 2.2) (López-
Sobaler et al., 2017; Olza et al., 2017; Seidler et al., 2013). 
 
Adolescent males within European countries such as Greece, Italy and Turkey have 
also fallen short of adequate intakes (Table 2.2) (Garipagaoglu et al., 2008; Klimis- 
Zacas et al., 2007; S. Sette et al., 2011). In Greece, a shift in dietary patterns resulting 
in reduced consumption of fruit, vegetables and wholegrains was suggested to be an 
underlying reason for low intakes (Klimis-Zacas et al., 2007). However, it is unclear 
whether this claim may reveal a trend attributing to reduced intake among European 
countries. 
 
Two American Studies; The Total Diet (1982-1991) and the ‘What We Eat In America’ 
National Health and Nutrition Examination Survey (NHANES) (2005-2006) found that 
teenage males were consuming diets low in magnesium (Moshfegh, Goldman, Ahuja, 
Rhodes, & LaComb, 2009). The Total Diet Study estimated only 75% of individual 
males 14-16 years old were meeting the RDA. However, this was only an estimation of 
an individual’s intake based on 234 foods that made up the ‘core’ foods of the U.S. 
food supply. Therefore, to conclude this was the case for the population of America at 
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this time isn’t appropriate. However later on ‘What We Eat In America’ used 24 hour 
dietary recalls to estimate that 69% of males aged 14-18 years were below the 
recommended EAR (Pennington et al., 1989; Pennington & Schoen, 1996). 
 
The Total Diet Study provided insight into where the main magnesium sources were 
coming from, with most being from milk and cheese (22%), grain products (18%) and 
vegetables (15%) (Pennington & Schoen, 1996). However, these were all estimates. 
This is similar to the results that were found in the New Zealand National Children’s 
Nutrition Survey (Ministry of Health, 2003). Studies performed in Australia have also 
found similar findings, with the exception of Australian adolescents consuming 
magnesium primarily from non-alcoholic beverages instead of vegetables (Australian 
Bureau of Statistics & Food Standards Australia and New Zealand, 2015; 
Commonweath Scientific and Industrial Research Organisation, 2012; Ministry of 
Health, 2003). 
 
2.12 Intakes and dietary sources in adolescent males within New Zealand 
The 1997 National Nutrition Survey (NNS) collected a nationally representative 
sample of New Zealanders living in selected households over the age of 15 (Russell et 
al., 1999). From foods and beverages, the median intake of magnesium per day by 
males aged 15-18 years was 362mg/day with no respondents consuming magnesium 
supplements. Findings were similar across all age, ethnic and deprivation quartiles 
(Russell et al., 1999). The main dietary sources of magnesium were not investigated. 
However, 15-24- year-old males were found to be the greatest consumers of bread 
(Russell et al., 1999). Cereals were also frequently consumed among males with 18% 
consuming >10 servings of cereals per week (Russell et al., 1999). Only two out of five 
males aged 15– 18 years met the recommended number of daily vegetable servings 
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(Russell et al., 1999). This may suggest that like Australia, fruits and vegetables will 
not be found to provide a major dietary source of magnesium. 
 
Within New Zealand, the Adult Nutrition Survey (ANS) has provided some indirect 
information on magnesium intakes in adolescent males in more recent years (Ministry 
of Health & University of Otago, 2011). The ANS included males aged 15 years and 
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older (Ministry of Health & University of Otago, 2011). Magnesium intakes and food 
sources were not reported, although there was some indication of where dietary sources 
of magnesium might have come from. Among the 15-18-year-old males, 50.9% ate 
more than three servings of vegetables per day and 43.8% consumed light or heavy 
grain bread (Ministry of Health & University of Otago, 2011). Although these are good 
sources of magnesium, there was a preference shown for white bread – which has 
lower magnesium content than light or heavy grain breads - with 49.7% of this 
population consuming ‘most of the time’ (Ministry of Health & University of Otago, 
2011). 
 
2.13 Assessing magnesium intake 
24-hour dietary recalls are commonly used in large population and national based 
dietary surveys as a means of providing estimation of the actual intake of a population 
(Mann & Truswell, 2014; McPherson, Hoelscher, Alexander, Scanlon, & Serdula, 
2000; Tugault-Lafleur, Black, & Barr, 2017). This is usually done by means of the 
multiple pass method. It involves participants being interviewed in detail about foods 
they have consumed and gathering information on specifics such as brands and 
preparation techniques (Johnson, Driscoll, & Goran, 1996; Mann & Truswell, 2014). It 
is practical, due to it being relatively quick to perform with a low respondent burden 
(Johnson et al., 1996; Osadchiy, Poliakov, Olivier, Rowland, & Foster, 2020; Rockett, 
Berkey, & Colditz, 2003). Limitations of the 24-hour dietary recall method are 
respondent memory lapses and inaccurate representation of portion sizes (Basiotis, 
Welsh, Cronin, Kelsay, & Mertz, 1987; Poslusna, Ruprich, de Vries, Jakubikova, & 
van't Veer, 2009; Rockett et al., 2003). Day to day variability can be mitigated by 
increasing the number of days of recall (Basiotis et al., 1987; Livingstone, Robson, & 
Wallace, 2004). As with other methods, misreporting affects the accuracy of the recalls, 
with a frequency of underreporting based on abnormal energy intake in adults of 33% 
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(Lopes et al., 2016). Studies of underreporting have been carried out in school aged 
children (5-18 years) with mixed findings (McPherson et al., 2000). Nevertheless, 24-
hour recalls have been used in a number of population-based surveys such as the ANS 
and NHANES on the basis that they provide an appropriate means of capturing dietary 
information (Ministry of Health & University of Otago, 2011; Moshfegh et al., 2009) . 
 
2.14 Conclusion and rationale for research 
Magnesium is an essential mineral required for optimal heath and function due to its 
extensive roles in the body, disease prevention and management (Barbagallo & 
Dominguez, 2015; Gröber et al., 2015; Rooney et al., 2019; Rosanoff et al., 2012; 
Vormann, 2003). Despite this, investigation into the intakes of the mineral among the 
New Zealand adolescent population hasn’t occurred since 1997 (Russell et al., 1999). 
Studies within New Zealand have failed to identify the food sources that are 
contributing to magnesium intake in adolescent males, leaving us with incomplete and 
outdated information regarding the nutrient. Adolescent males have the highest weekly 
food cost for New Zealand, deeming them as an important demographic to investigate 
(Department of Human Nutrition & University of Otago, 2019). 
 
Westernised countries from around the world have found that a large proportion of their 
adolescent male population consume inadequate intakes of magnesium (Mensink et al., 
2013; Ministry of Health, 2003; Moshfegh et al., 2009; Pennington et al., 1989; 
Pennington & Schoen, 1996). New Zealand is unable to identify if this trend is 
emulated, due to the current information being outdated. It is suggested that adequate 
intakes can be achieved if eating a balanced, varied diet (Mann & Truswell, 2014; 
Vormann, 2003; Whang et al., 1994). Failure to achieve this, especially during 
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adolescence can impair growth and development within an individual and may 
contribute toward health problems in later life (Barbagallo & Dominguez, 2015; 
Özdemir, 2016; Rooney et al., 2019; Rosanoff et al., 2012). The results of this study 
will help with the development of effective nutrition intervention programmes, food 
regulations and nutrition policies to enhance growth and development within the 
current population. 
30	 
3. Objective Statement 
The aim of this study was to investigate the magnesium intakes and the main dietary 
sources among the adolescent male (15-18y) population of New Zealand. 
The objectives of this thesis are to: 
 
• Identify the mean magnesium intake of adolescent males within New Zealand. 
 
• Determine the adequacy of dietary magnesium intake by comparison of the 
mean magnesium intake with the appropriate recommendations 
• Identify foods which contribute to the magnesium intakes of adolescent males 
within New Zealand 
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4. Methods 
The data collected for this thesis was part of the Survey of Nutritional Dietary 
Assessment and Lifestyle (SuNDiAL) study. This study used a multi-centered cross- 
sectional clustered design to establish an overall dataset that describes the diets and 
lifestyle habits of New Zealand male and female adolescents. This study was initiated 
by the Department of Human Nutrition at the University of Otago in 2019. 
 
In 2020 the New Zealand adolescent male population was the focus. Participants were 
required to complete online self-administered questionnaires assessing socio- 
demographic and health status, dietary habits, attitudes, motivation and beliefs 
regarding food choices. Assessment of dietary intake, physical activity patterns and 
screen use was done by two 24-hour dietary recalls, two 24-hour physical activity and 
screen time recalls respectively. Height, weight and ulna length were measured. 
Participants had the opportunity to consent to providing a blood or urine sample to 
assess micronutrient status or to wear an accelerometer for seven days to assess 24-hour 
physical activity pattern. Participants were reimbursed with a $5 supermarket voucher 
for the completion of each component of the study. Further details regarding their 
collection can be found in Appendix A. This thesis focuses on the methods relevant to 
describe the magnesium intakes and main dietary sources of magnesium for a 
convenience sample of New Zealand adolescent schoolboys. 
 
135 male high school students between the ages of 15 to 18 years old from six high 
schools across New Zealand were recruited for this study. High schools were located in 
Dunedin, Wellington, Christchurch, Rotorua, Tauranga and Auckland. This thesis only 
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concerns participants recruited in Term 1 of the 2020 school year. The candidate 




This study was approved by the University of Otago Human Ethics Committee on the 
10th of February 2020 (Appendix B). The Ngāi Tahu Research Consultation 
Committee recognised that the aims and outcomes of this research project would be of 
benefit to Māori health (Appendix C). This study was registered with the Australian 




4.2.1 Eligibility criteria 
 
This study included individuals who self-identified as male aged 15-18 years. 
Participants must be enrolled in one of the recruited high schools. 
 
4.2.2 Exclusion criteria 
 
Participants were required to speak and understand English and be able to complete the 




Schools across New Zealand were emailed from October 2019 by the study co- 
ordinators inviting them to participate in the SuNDiAL 2020 study. Schools contacted 
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were required to have males enrolled and a large register (>400 pupils for co-ed, <200 
single sex school). 
 
Schools were in locations where second year Master of Dietetics students (MDiet), 
whom will be referred to as the data collectors, were based. It was required that they 
were based with at least one other data collector to ensure their safety throughout the 
study. 
 
Schools that expressed interest in participation provided written consent for data 
collectors to come into schools. This was signed by an appropriate representative for 
the school. This consent allowed for data collectors to arrange a time to come in and 
present information to students regarding the study. 
 
Data collectors visited the participating schools early in Term 1 to initiate recruitment 
of male students. Data collectors gave presentations during school or year group 
assemblies. This presentation provided potential participants with a background to the 
study, what was required of them, re-imbursement details and the significance of the 
study findings. Presentations were created by the data-collectors with the assistance of 
the principal investigators. 
 
Interested participants were given the opportunity to provide their name, age and email 
address to the data collectors after the presentation. Information sheets were available 
to those who were interested. This information was also available on the study website 
(https://www.otago.ac.nz/sundial/index.html). The website link allowed the opportunity 
for participants to read more information regarding participation within the study. This 
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information was distributed to schools for circulation in their school newsletters, social 
media sites or school websites. 
 
Potential participants were encouraged to discuss the study with their family/whānau. 
They were able to contact investigators at any time via phone or email to ask questions 
regarding the study. 
 
4.2.3 Enrolment and consent 
 
Interested participants who provided an email address to data collectors were emailed 
by the SuNDiAL coordinator. This email included a unique study identification code 
and a link to a REDCap questionnaire. This questionnaire allowed the participant to 
consent to the participation in the study (Appendix D). Parents or guardians of 
interested participants who were 15 years old were emailed first to provide consent for 
their participation. Following the parental consent, the REDCap link was sent to the 
participant. 
 
Participants or their parent/guardian (if 15 years old) were able to withdraw their 
consent at any point during the study. 
 
4.3 Study procedures 
 
For relevance to this thesis, this section discusses only the methods used for 
determining demographic information, dietary habits, anthropometric measurements 
and dietary intake. 
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4.3.1 Questionnaires regarding demographic information and dietary habits 
After consenting to the study, the participants continued onto an online questionnaire 
assessing demographics and health status. The full questionnaire can be found in 
Appendix E. Ethnicity was assessed using the 2006 New Zealand census question. 
Participants were assigned to a New Zealand Deprivation Index based on the location 
of their home address (Atkinson, Salmond, & Crampton, 2014). This classifies each 
address into their respective mesh-block, which is defined by Statistics New Zealand as 
the smallest geographical area with a population of around 60-110 people. Each mesh- 
block is assigned a decile ranging from 1 (least deprived)-10 (most deprived). 
 
Following the questionnaire regarding demographics and health status, participants 
were directed to the dietary habits questionnaire. This could be completed in their own 
time (Appendix F). The questionnaire included 73 questions from the dietary habits 
questionnaire that was used in the New Zealand ANS (University of Otago & Ministry 
of Health, 2011). The questions concerning supplement use and bread type consumed 
‘most of the time’ were relevant to this thesis. 
 
4.3.2 Anthropometric measurements 
 
The height and weight of participants were taken by the data collectors according to 
study protocols found in detail in Appendix G. All measurements were performed and 
written down in duplicate and to the nearest 0.1 centimeter or kilogram respectively. If 
measurements differed by >0.5cm or >0.5kg, a third measurement was taken and the 
mean of the two closest measurements was used as a ‘true’ value. 
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Height was measured using portable stadiometers. Due to the large number of schools 
being surveyed either a Seca 213 (Seca, Hamburg, Germany) or a Wedderburn 
(Wedderburn, New Zealand) stadiometer was used. Participants were asked to remove 
their shoes as well as any hair ornaments, buns or braids at the top of the head to obtain 
an accurate height. 
 
Weight was measured in kilograms using scales. Due to the large number of schools 
being surveys different scales were used at different sites. These scales were either of 
the following; Medisana PS420, Salter 9037 BK3R, Seca Alpha 770 or Soehnle Style 
Sense Comfort 400. Participants were asked to remove shoes as well as any heavy 
clothing such as jackets before measurements were taken. 
 
From March 26th of 2020, the New Zealand government enforced an Alert Level 4 in 
response to the coronavirus disease 2019 (COVID19) (New Zealand Government, 
2020). Due to this, no anthropometric measurements were obtained past this date. 
 
4.3.3 24-hour dietary recall 
 
Two non-consecutive 24-hour dietary recalls were performed to estimate the dietary 
intake of each participant. The protocol given to data-collectors can be found in 
Appendix H. Participants were contacted by data collectors via phone or email to 
schedule their first 24-hour recall during school time. The first dietary recall was taken 
alongside anthropometric measurements and previous activity recalls. This recall took 
approximately one hour. From March 26th of 2020, all 24-hour dietary recalls were 
done remotely using video software (Zoom Video Communications, Inc: San Jose, 
California). This was done at a time that was convenient to the participants. 
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The second 24-hour dietary recall was done over a phone call or video call. This took 
place the following week, on a different day to the first 24-hour recall to take into 
consideration variation in dietary intake between days of the week. The day chosen was 
based on participants preference and availability. This second recall took approximately 
45 minutes. 
 
Each 24-hour dietary recall was conducted by one of the data collectors using the 
multiple pass method. A complete list of all foods and beverages consumed during the 
previous 24 hours was collected for the first pass. The second pass acquired details 
regarding brand names, cooking methods and quantities. Quantities were estimated 
using common household measures (e.g. plate, mug), food models, food portion 
assessment aids, shape dimensions, information from packaging and photographs of 
portion sizes as memory aids. Examples of these measurements can be found in 
Appendix I. The third pass of the recall included a review of the recalled dietary intake. 
Any additions or changes were recorded. 
 
4.4 Data Analysis 
 
4.4.1 Body mass index z-scores 
 
Body Mass Index (BMI) was calculated for each participant using their anthropometric 
measurements (BMI=weight (kg)/ height (m)2). 
 
BMI z-scores were assigned according to appropriate age and sex cut-offs using the 
World Health Organisation child growth standards (de Onis, Onyango, Borghi, & 
Siyam, 2007). Participants were classified into one of the following according to the 
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interpretation of cut-offs based on the growth reference for adolescence aged 5-19 
years: 
• Healthy: >-2 to <+1 
 
• Overweight: >+1SD (equivalent to BMI 25 kg/m2 at 19 years) 
 
• Obesity: >+2SD (equivalent to BMI 30 kg/m2 at 19 years) 
 
• Thinness: <-2sd 
 
4.4.2 Dietary recalls 
 
Data collectors entered 24-hour dietary recall data into FoodWorks version 9 
(FoodWorks9) dietary analysis software (Xyris Software; Australia). FoodWorks9 was 
used to calculate the energy, macronutrients and micronutrients reported by the 
participants in their 24-hour dietary recalls. This software uses comprehensive food 
composition tables available for New Zealand (FOODfiles 2014 (The New Zealand 
Institute for Plant & Food Research Limited) Version 01) and nutrient data for 
commonly consumed recipes collected in the ANS (Ministry of Health & University of 
Otago, 2011). Foodworks 9 assigned each food reported to one of 33 ANS food groups 
to allow for further analysis. 
 
Codebooks were supplied to all data collectors providing information to support with 
data entry. This included information regarding food weight rules, default bread 
matches, appropriate food substitutions, retention factors and moisture yields. 
 
When an appropriate substitution for a commercial food was not available in the 
codebook, data collectors were responsible for the creation of a recipe. Nutritional 
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panels of the original products were used to create a recipe which matched the 
macronutrients within 10% of the true values. 
 
Approximately 10% of all dietary recalls were audited. Any gross outliers and errors 
within datasets were identified and resolved. 
 
4.5 Statistical Analysis 
 
4.5.1 Dietary intake 
 
Estimation of ‘usual intake’ was done using the Multiple Source Method (MSM) 
programme (Harttig, Haubrock, Knüppel, & Boeing, 2011). This method allowed for 
the 24-hour dietary recalls to be adjusted for intra-individual variation in dietary intake. 
Daily intake from supplements reported by participants in the dietary questionnaire 
were then calculated and added to usual intakes. 
 
4.5.2 Magnesium intake and adequacy 
 
The mean and standard deviation for magnesium intake was calculated by the 
participant and were normally distributed. 
 
The EAR cut-point method was applied to usual intake distributions to assess the 
prevalence of inadequate intakes within the adolescent boy population (Murphy & Poos, 
2002). The percentage of participants with usual intakes below the EAR was calculated 
to estimate the proportion of participants at risk of inadequate magnesium intake. 
Estimation of prevalence and means were reported with 95% confidence intervals. 
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4.5.3 Food sources of magnesium 
 
The total magnesium intake for each participant was calculated from the 33 food 
groups included in the ANS 08/09 by Dr Jill Haszard (StataCorp. Stata Statistical 
Software: Release 16. College Station, TX: StataCorp LLC). The proportion of 
magnesium contributed by each food group allowed for a mean and 95% confidence 




After analysis of the data, participants were provided with an overall summary of the 
results. There was opportunity for participants to request a free copy of their individual 
data. Participating schools were also provided with a summary of both the overall 
results as well as the summary of selected results obtained from their school e.g. 
average number of servings of fruits and vegetables by students. If investigators are 
concerned about an aspect of nutritional or mental health of a study participant, they 
may suggest for the them to contact a school counsellor or nurse. 
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5. Results 
135 participants enrolled within the SuNDiAL study from six recruited schools. Figure 
 
5.1 summarises their recruitment and participation throughout the study. 
 
5.1. Participant characteristics 
 
The demographics and health questionnaire were completed by 128 participants. The 
self-reported ethnicities by participants were: New Zealand European and Other, Māori, 
Asian or Pacific. Anthropometric measurements were collected from 109 participants. 
 
The participants characteristics are presented in Table 5.1. Participants had a mean 
(SD) age of 16.6 (0.7), with 16-year-old age group being the largest proportion of the 
cohort (41%). Participants predominantly identified as New Zealand European and 
Other (NZEO) (57%) and lived in areas of moderate levels of deprivation (decile 4-
7) (42%). 
 
24-hour dietary recalls revealed that on average participants consumed 10077kJ/day 
(95% CI= 9473, 10680). 
 
	
n= 135 participants included 
n=102 completed a 24-hour recall 
n=72 completed a second 24-hour 
recall 
n=128 completed online questionnaires 
n=128 completed demographics and health 
n=124 completed attitudes and motivations 

















n= 146 consented to participate 
n=11 did not complete a questionnaire or a 24-hour recall 
n= 101 did not consent 
n= 76 did not have parental consent 
n= 10 did not complete enrolment 
n=1 was 19 years old and excluded 
6 Schools Recruited 
n= 1664 eligible participants 
n= 334 interested participants 
140 schools eligible and emailed 
8 consented to participate 
10 schools declined 
122 schools did not respond 
2 schools did not participate due 
to COVID-19 
n=109 completed anthropometric 
measurements 
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Table 5.1 Demographic Characteristics of Participants (n=135) 
 
 Participant Characteristic Mean (SD) n (%) 
 Energy, kJ/day (n=102) 10076.7 (3215.0)  
 Age, y (n=135) 16.6 (0.7)  
 15  11 (8) 
 16  55 (41) 
 17  49 (36) 
 18  20 (15) 
 Weight, kg 70.2 (14.9)  
 Height, cm 175.7 (7.2)  
 BMI, z score1 0.4 (1.1)  
 Weight Category,2, (n =109)   
 
Underweight 
 1 (1) 
 Healthy  73 (67) 
 Overweight  29 (27) 
 Obese  6 (5) 
 Ethnicity (n=129)   
 NZEO  73 (57) 
 Māori  12 (9) 
 Pacific  3 (2) 
 Asian  41 (32) 
NZ Deprivation Index3 (n=129) 
 
Low 46 (36) 
 Moderate 54 (42) 
 High 29 (22) 
Abbreviations: n= number of participants, SD= standard deviation, y=years, %= percent of cohort 
1BMI z scores calculated using the WHO 2007 growth references standards 
2Categories based on the WHO 2007 growth references standards which defines thinness: <-2SD, 
overweight between +1SD and <+2SD and obese: >+2SD. 
3Household deprivation based on the NZDep2018 categories with low levels of deprivation=1-3, 
moderate levels of deprivation=4-7, high level of deprivation 8-10. 
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5.2. Magnesium intakes and adequacy 
 
102 participants completed a 24-hour recall. Of these participants, 72 (71%) 
participants completed a second recall. Their usual dietary intakes of magnesium are 
reported in Table 5.2 which shows the mean, median, 25th percentile, 75th percentile 
and the number and proportion of participants consuming intakes below the EAR. 
 
On average participants consumed 330mg/day of magnesium (95% CI= 310, 350) with 
the majority (61.8%) at risk of inadequate magnesium intake. The lowest reported 
intake was 149mg/day and the highest was 681mg/day.  
 
5.3 Supplement use 
 
One participant reported taking a magnesium supplement. The supplements dosage was 
not specified, although it is within the ‘Healtheries’ brand. The participant reported 
taking the supplement ‘regularly but for a limited time’. This participant did not 
provide a 24-hour recall, so no further information was obtained. 
 
 
Table 5.2 Usual daily energy and magnesium intake, and prevalence of magnesium inadequacy among New Zealand adolescent males (n=102) 
 
Dietary Magnesium Intake (mg/day) Participants with Magnesium Intakes 
<340mg/day 
Participant Characteristic n Mean (SD) Median (25th, 75th 
percentile) 
n % 













16 37 316.0 (98.3) 308.2 (252.6, 354.7) 21 56.8% 
17 41 347.3 (117.4) 315.0 (274.7, 376.5) 25 61.0% 
18 14 332.6 (93.5) 329.1 (300.9, 407.3) 9 62.3% 
Weight Category (n=88)      
Underweight + Healthy* 58 324.4 (94.6) 321.4 (275.9, 366.6) 37 63.8% 
Overweight 25 351.9 (120.5) 323.6 (273.8, 409.9) 13 52.0% 
Obese 5 385.8 (165.6) 315.9 (308.2, 330.1) 4 80.0% 
Ethnicity (n=96)      
NZEO 57 339.5 (102.9) 330.1 (282.9, 368.7) 31 54.4% 
Māori 7 293.2 (81.6) 292.6 (252.1, 305.4) 6 85.7% 
Pacific 3 386.7 (204.3) 315.9 (271.5, 466.4) 2 66.7% 
Asian 29 311.3 (95.7) 301.7 (250.7, 350.4) 20 69.0% 
NZ Deprivation Index (n=96)      
Low 31 312.8 (84.7) 292.6 (254.5, 352.6) 22 71.0% 
Moderate 41 343.4 (115.2) 329.9 (290.0, 376.5) 22 53.7% 
High 24 325.8 (103.2) 312.0 (252.0, 359.2) 15 62.5% 







5.4 Dietary sources of magnesium 
 
The average contribution of magnesium from each of the of the ANS food groups can 
be found in Table 5.4. These food groups have been classified into their appropriate 
food group categories according to the Ministry of Health Eating and Activity 
Guidelines (Ministry of Health, 2018). The five main dietary sources of magnesium to 
participants were bread, grains and pasta, milk, poultry and fruit. 
 
Table 5.4. Estimated mean food group contribution to magnesium intake based on the 
Ministry of Health Eating and Activity Guidelines and ANS foodgroups1,2 
 
 
Major Food Group ANS Food Group (% 
contribution to Mg intake)2 
Grains and Cereals Bread3 (10.4) 
Grains and pasta (10.2) 
Breakfast cereals (5.9) 
Major Foodgroup 




Vegetables and Fruit Fruit (6.4) 




Meat, fish, poultry and 
eggs 
Poultry (7.7) 
Beef and veal (2.4) 
Pork (1.8) 
Sausages and processed meats (1.8) 
Fish/Seafood (1.7) 
Eggs and egg dishes (0.6) 
Lamb/Mutton (0.1) 
Other meat (0.1) 
16.2 
 
Milk and Milk Products Milk (8.9) 




Cakes, sweets, biscuits, 
snacks 
Biscuits (1.8) 
Pies and pasties (1.8) 




Food Group Food Group Descriptor from the 
ANS (mean % of intake)2 
Sugar/sweets (1.3) 
Snack foods (1.3) 
Snacks sweet (1.2) 
Puddings/desserts (0.3) 
Mean Contribution to 
Total Intake (%) 
 
Non-alcoholic beverages Non-alcoholic beverages (5.2) 5.2 
Bread Based Dishes Bread based dishes (4.7) 4.7 
Nuts, seeds, legumes Nuts and Seeds (4.1) 4.1 
Other Savoury sauces and condiments (1.7) 
Soups and stocks (1.1) 
Supplements providing energy (0.6) 
Alcoholic beverages (0.1) 
3.5 
Fats and oils Butter and Margarine (0.0) 




1 MOH Eating and Activity Guidelines (Ministry of Health, 2018) 
2 The 33 food groups derived from the ANS classifications (University of Otago & Ministry of Health, 
2011) 
3Including rolls and specialty breads 
 
 





Table 5.5. Bread type chosen ‘most of the time’ by adolescent males (n=116) 
 
Bread Type Participant Responses (n) Proportion of Participants 
  (%)  
 
White 46 39.7 
Wholemeal 32 27.6 
Light Grain 17 14.6 
Heavy Grain 16 13.8 
Other1 5 4.3 
   




White bread was the most chosen by participants with heavy grain being the least 
commonly opted for. 
 
Figure 5.2 displays the contribution to total magnesium intake by foodgroups as 
defined in the MOH ‘Eating and Activity Guidelines’ categories (Ministry of Health, 
2018). 
 
Figure 5.2 Mean Estimated Food Group Contributions to Magnesium Intake (%) 
48	
 
Collectively, the foods classified as ‘grains and cereals’ provided the greatest source of 
magnesium to the participants. Large contributions also came from the other main food 
groups of the ‘Eating and Activity Guideline’. These included vegetables and fruit, 





The estimated median usual intake of magnesium (318 mg/day) among adolescent 
males was below the appropriate EAR for this age group (340 mg/day). An estimated 
61.8% of participants consumed intakes below this recommendation. Overall this 
finding aligns with other literature within this area, suggesting that the adolescent male 
population of New Zealand struggle to reach the recommended intakes of magnesium 
(Australian Bureau of Statistics & Food Standards Australia and New Zealand, 2015; 
Cristina et al., 2015; Food Standards Agency & Public Health England, 2018; Klimis-
Zacas et al., 2007; Meng et al., 2018; Mensink et al., 2013; Seidler et al., 2013; S. Sette 
et al., 2011). 
The median intake from the 1997 national nutrition survey (362mg/day) is 
greater than the current study, which is suggestive that there has been no improvement 
in magnesium intakes over the past two decades (Russell et al., 1999). A definitive 
comparison between these studies is not possible due to the NNS being outdated. 
Additionally, the small convenience sample in this study was not representative of the 
New Zealand adolescent male population. Self-identified ethnicities were under-
representative of Māori (9%) and Pacific (2%) when compared with the 2018 census 
data (15% and 8% respectively) (Statistics New Zealand, 2019). Locations were 
restricted to the preference of the data collectors, meaning specific geographical 
locations around New Zealand were excluded. This sample had an over-representation 
of those in moderate and low deprivation (42% and 36% respectively) with an 
underrepresentation of those in high deprivation (22%) (Ministry of Education, 2020). 
Therefore, to determine if magnesium intakes are truly declining among New 
Zealand’s adolescent males a nationally representative sample is required. 
Similar to this study, global studies have estimated that between 60-70% of 
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adolescent males do not meet recommended intakes (Australian Bureau of Statistics & 
Food Standards Australia and New Zealand, 2015; Cristina et al., 2015; Klimis-Zacas 
et al., 2007; López-Sobaler et al., 2017; Seidler et al., 2013; van Rossum et al., 2011). 
Findings from Poland and Spain suggest intakes are declining (Mensink et al., 2013; 
Olza et al., 2017; Seidler et al., 2013). Though it is hard to compare studies mentioned 
in this thesis due to differences in methodology and study design, it is agreed that 
reliance on processed foods, reduced consumption of vegetables and wholegrains, 
reduced dietary diversity and overall low food intake could be linked to insufficient 
and declining intakes (Klimis-Zacas et al., 2007; Meng et al., 2018; Seidler et al., 
2013; van Rossum et al., 2011). 
Over the past two decades there has been global a shift towards a greater 
consumption of refined, cheaper, quicker convenience food and drink (Thomas, 2007). 
This has coincided with technological developments, which have increased the access 
and variety of processed and fast food available to consumers (Moreno et al., 2010). 
These developments may have influenced demand, as in 2017 New Zealanders spent 
relatively more money on meals prepared or consumed out of home compared with 
grocery items (Statistics New Zealand, 2017). These alternatives tend to be high in fat 
and refined carbohydrates, both of which have negligible or low amounts of 
magnesium. Overall this can make them poor sources of magnesium (The New 
Zealand Institute for Plant and Food Research Limited & Ministry of Health, 2019). 
Alongside this, extensive marketing of magnesium poor foods are prevalent within 
New Zealand schools (The New Zealand Institute for Plant and Food Research 
Limited & Ministry of Health, 2019; Vandevijvere, Molloy, Naadira Hassen de, & 
Swinburn, 2018). As adolescents are influenced by advertising and the media, this may 
explain why disposable income among New Zealand secondary school students is 
spent mostly on fast food, school lunches and snack foods (Darling, Reeder, McGee, & 
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Williams, 2006; Story et al., 2002). It is known that this group eat away from home 
more than children and adults (Story et al., 2002). In 2008/09 the ANS estimated 
43.9% of adolescent males consumed takeaways at least 1- 2 times per week (Ministry 
of Health & University of Otago, 2011). As depletion of minerals can occur due to the 
processing and handling of foods before consumption, reliance on takeaway and 
processed foods may be a substantial barrier to achieving adequate intakes (Barciela-
Alonso & Bermejo-Barrera, 2015; Moreno et al., 2010). 
There is the potential that minerals within the modern food supply have 
decreased (Thomas, 2007). In the UK, a considerable decrease of magnesium within 
foods (-19%) occurred between 1940 to 2002 (Thomas, 2007). From 1940 to 1991 the 
magnesium content of vegetables and fruit decreased by 24% and 16% respectively, 
attributed to a ‘soil dilution effect’ or mass-produced crop and animal breeds (Thomas, 
2007). Whether a similar decline in the nutrient content of New Zealand produce has 
occurred is unknown. In Australia, only a minor depletion of magnesium has been 
found over time in Australian fruit and vegetables (Cunningham, Milligan, & Trevisan, 
2001). Updated findings in New Zealand are warranted to estimate if there have been 
further declines over the last 20 years. 
The potential decline of magnesium within our food supply combined with the 
abundance of magnesium poor foods indicates suboptimal intakes of magnesium are 
necessary to address. An immediate consequence for adolescents is potentially 
adverse effects on growth and development (Abrams et al., 1997; Özdemir, 2016). 
The foundation of the NRV recommendations for adolescence are based on studies 
that have established intakes that produce a positive balance of magnesium and bone 
accrual during growth (National Health and Medical Reserch Council et al., 2006; 
Schwalfenberg & Genuis, 2017). It is recommended that male adolescents consume 
5.3mg/kg/day of magnesium (National Health and Medical Reserch Council et al., 
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2006). The EAR is based off the standard weight of 64kg (National Health and 
Medical Reserch Council et al., 2006). In this study the average weight of participants 
was 70kg, meaning the EAR for our average participant would be 370mg/day. 
Therefore, the prevalence and severity of inadequate intakes may be underestimated in 
this study. Failure to reach these recommendations could result in the stunting or 
delayed growth and the development of osteoporosis in later life (Weaver, 2000; 
Whang et al., 1994). 
Low magnesium may be of concern to adolescent athletes (Szczepanska et al., 
2016). Magnesium is required for production of energy rich compounds, muscle 
contraction and maintenance of membrane properties during exercise and is also lost 
through sweat and urine (Lukaski, 2000; Nielsen & Lukaski, 2006). When coupled with 
inadequate intakes this may compromise ones physical performance (Laires & 
Monteiro, 2008; Lukaski, 2000). 
Approximately one in seven New Zealanders will experience a major depressive 
disorder before the age of 24, making this extremely relevant to the health of an 
adolescent (The Lowdown, 2020). Magnesium is suggested to aid in treatment and 
prevention of depression (Kirkland et al., 2018; Li, Lv, Wang, & Zhang, 2017). A 
meta-analysis proposed the largest reduction in the risk was observed for 320mg/day of 
magnesium (Li et al., 2017). It is promising that the median average intake of 
participants within this study was close to this (318mg/day). Magnesium intake may be 
associated with other treatments of depression such as wholegrain, vegetable and nut 
consumption as well as an active lifestyle (Li et al., 2017). Further randomized control 
trials and long duration prospective studies should be undertaken to estimate the effects 
of dietary and supplemental magnesium in the aetiology and treatment of depression. 
If intakes of magnesium remain suboptimal, this may lead to future morbidities 
within this population. A meta-analysis of observational studies found an inverse 
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association between magnesium intake and incident T2DM (Larsson & Wolk, 2007). 
For each 100mg/day increase in magnesium intake, a 15% decreased risk of T2DM was 
estimated (Larsson & Wolk, 2007). This equates to four slices of whole grain bread, 
four tablespoons of peanut butter or three bananas per day (Larsson & Wolk, 2007; The 
New Zealand Institute for Plant and Food Research Limited & Ministry of Health, 
2019). Low serum and dietary magnesium has been linked to higher coronary artery 
disease risk, stroke risk and high blood pressure (Bain et al., 2015; Rooney et al., 2019). 
Overall greater intakes of magnesium may also correlate with a lower energy density, 
greater activity level and higher intakes of other nutrients, such as fibre, associated with 
prevention of T2DM and other morbidities (Bo et al., 2011; Yao et al., 2014; Ye et al., 
2012). 
To address the estimated large proportion of inadequate intakes, fortification, 
supplementation and dietary diversification could occur. Magnesium fortification has 
been successful in bread (Codina, Zaharia, Stroe, & Dabija, 2018). Fortifying bread 
would be a desirable method to address inadequate intakes, as this is the primary source 
of magnesium for this adolescent male population. Currently, FSANZ allows for 80mg 
per reference quantity of magnesium salts to be added to a wide variety of food 
products including bread, as a nutritive substance or processing aid (Federal Register of 
Legislation, 2017). A limitation of this is that this route is costly to manufacturers. As 
adolescent boys are not the only population that consume these products, investigation 
into the magnesium intakes of the entire New Zealand population would be warranted 
to justify this. 
Reformulation is another alternative. In particular, magnesium salts may be 
desirable to reformulate products such as bread as opposed to the replacement of 
refined flour with wholegrain flour. This method provides a way to reduce the 
sensory changes, as NaCl could be swapped with these salts and therefore reduce
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issues around consumer acceptance (van Raaij, Hendriksen, & Verhagen, 2009). This is 
beneficial from a nutritional perspective, as this may prevent the addition of sugar, salt 
or fat to address palatability concerns. 
It is known that breads and cereals can be rich sources of magnesium if 
wholegrain and wholemeal alternatives are chosen (The New Zealand Institute for Plant 
and Food Research Limited & Ministry of Health, 2019). However wholegrain 
products tend to be more expensive than their refined grain alternative, which may 
make them out of reach for households with lower incomes (Countdown New Zealand, 
2020). Despite there being no difference in the magnesium intakes among different 
socioeconomic status groups in this study, this is not reflective of the New Zealand 
population. This was reflected in the ANS, a nationally representative study, which 
estimated those who were living in the least deprived neighbourhoods (68.0% of males 
and 76.9% females) were more likely to consume light or heavy grain breads than those 
who were in more deprived neighbourhoods (45.1% males and 53.4% females) 
(Ministry of Health & University of Otago, 2011). Subsidies and taxes could reduce 
this inequality. Simulation studies investigating the introduction of a subsidies and 
taxes on foods within New Zealand have promising results (Cliona Ni et al., 2015). 
However a rebound effect can occur as households purchase alternative non-taxed 
foods low in magnesium (Nordström & Thunström, 2009). Therefore, subsidies appear 
to be the desired route, however further research on the true effects of this should be 
done to justify this method. 
Supplementation can provide rapid improvement in nutritional status 
(Shrimpton & Schultink, 2002). In the developed world, individuals who consume 
dietary supplements are more likely to have higher mineral intakes supplied by their 
diet (Bailey, Fulgoni, Keast, & Dwyer, 2011). Therefore, this method may not 
effectively target those with suboptimal magnesium intakes. This study only had one 
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participant taking a supplement for a ‘limited time only’. Therefore, it is estimated that 
these participants are not common users of magnesium supplements. 
The results of our study reveal that the dietary sources of magnesium chosen by 
adolescent males might be of poor quality. Despite bread being the greatest contributor to 
overall magnesium intake, breads with the most refined flour appear to be favoured. Most 
of the participants chose white bread followed by wholemeal and light grain ‘most of the 
time’. This preference for white bread compared with breads containing wholegrains and 
seeds reveals an area that could be improved to increase magnesium intakes within this 
population, however price may be a barrier (The New Zealand Institute for Plant and Food 
Research Limited & Ministry of Health, 2019). 
Adolescence is a time when individuals develop autonomy and lifelong 
behaviours which can influence magnesium intakes (Moreno et al., 2010; Story et al., 
2002). For example, vegetarianism is one behaviour that has grown in popularity 
among New Zealand adolescents (Morgan, 2016). Vegetarians tend to consume and 
greater amounts of magnesium rich plant-based foods such as legumes and wholegrains, 
and less magnesium poor foods such as meat and snack foods compared to non- 
vegetarians (Orlich et al., 2014; Segovia-Siapco, Burkholder-Cooley, Haddad Tabrizi,  
& Sabaté, 2019; The New Zealand Institute for Plant and Food Research Limited & 
Ministry of Health, 2019). This may displace poorer sources of magnesium in an 
adolescent’s diet, which might be sufficient to reach an adequate intake of magnesium, 
but this could affect other micronutrients. 
Adolescence provides an opportunity to educate and positively influence dietary 
behaviour (Story et al., 2002). However, eating behaviour is influenced by individual 
(e.g. biological and psychosocial), social environmental (e.g. peers and family), 
physical environmental (e.g. school) and macrosystem (e.g. mass media and cultural 
norms) factors, meaning dietary change is difficult (Story et al., 2002). Even among 
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adolescents who have adequate knowledge of the healthy eating recommendations, 
eating for health isn’t a primary consideration when making dietary choices (Croll, 
Neumark-Sztainer, & Story, 2001). 
In China, it is was estimated that dietary diversity was negatively associated 
with micronutrient inadequacy (Meng et al., 2018). The participants in this study 
consumed at least 10% of dietary magnesium from a wide variety of sources including 
grains and cereals, vegetables and fruit, meat, fish, poultry and eggs, milk and milk 
products. This may suggest they are consuming a diverse diet, however the number of 
serves a day from each of the dietary groups wasn’t included in this study. Adolescents 
are prone to skipping meals due to prioritizing other activities, thus reducing an 
opportunity for the intake of nutrients (Story et al., 2002). An additional serving of 
wholemeal toast, chicken breast, roasted almonds and a banana would bring up the 
average median intake to sufficient levels (The New Zealand Institute for Plant and 
Food Research Limited & Ministry of Health, 2019). 
6.1 Strengths and Limitations 
 
A strength of the current study is that it identified the main dietary sources of this 
convenience population. As people eat food not nutrients, the results from this study 
can be used for tailoring of nutrition programmes, food regulations and nutrition 
policies to make them appropriate and practical for today’s adolescent males. For 
example, white bread was selected ‘most of the time’ by participants. To increase 
magnesium intakes among this population, advising swapping to a wholegrain 
alternative is appropriate to suggest when attempting to increase intakes unless not 
affordable. 
Another strength was the dietary recall methodology. While misreporting and 
inaccurate estimation of nutrient intakes can occur due to respondent memory lapses 
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and misrepresentation of portion sizes (Poslusna et al., 2009), the multiple pass 
method and standardized protocol helps minimise omissions and standardises the level 
of detail being collected (Poslusna et al., 2009). The use of kitchen equipment, 
household measures and photographs of portion sizes helped to reduce portion-size 
measurement error (Poslusna et al., 2009). During workshops practice recalls were 
done on a variety of individuals, including those without nutrition training. During the 
study, recalls were critiqued and audited by a third party. Potential false recollections 
or portion sizes were identified and resolved before contributing to the pool of study 
data. 
The convenience sample in the present study was not representative of the New 
Zealand adolescent population in terms of ethnicity or deprivation. Additionally, 
fifteen- and eighteen-year olds made up the minority of the sample with 8% and 15% 
respectively, making this a bias sample favouring sixteen- and seventeen-year olds. 
Fifteen-year olds required parental consent, which may have acted as a barrier to their 
participation. Eighteen-year old’s may have also felt self-conscious about their 
participation in the study, due to them recently entering legal ‘adulthood’. Peers may 
have put a stigma around participation in the study, which may have influenced their 
decision (Leaper, 2006; Story et al., 2002). This possibly resulted in less recruits in this 
age group. 
This study was performed during the COVID 19 pandemic. A shift in consumer 
demands and purchasing patterns occurred during this time. In March there was an 
increase in the money spent on canned meals (120%), rice (118%), canned and dried 
vegetable products (110%) compared with the previous year (Voice, 2020). As fresh 
ingredients go off quicker, this may have increased the desirability of these shelf stable 
foods. Flour, which in its unrefined form contains large quantities of magnesium, sold 
out within retailers around New Zealand. Closure of all non-essential businesses such 
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as cafes and restaurants restricted participants to eating at home during this time. 





Magnesium is an essential mineral for the human body (Gröber et al., 2015). The 
present study estimates that approximately 61.8% of New Zealand adolescent males 
consume intakes below their recommended requirements, despite magnesium coming 
from a variety of sources. This aligns with global literature, which frequently estimates 
60-70% of adolescent males consume inadequate intakes (Australian Bureau of 
Statistics & Food Standards Australia and New Zealand, 2015; Cristina et al., 2015; 
Klimis-Zacas et al., 2007; López-Sobaler et al., 2017; Seidler et al., 2013; van Rossum 
et al., 2011). 
Reliance on processed foods, reduced consumption of vegetables and wholegrains, 
reduced dietary diversity and overall low food intake are suggested to contribute to 
suboptimal intakes (Klimis-Zacas et al., 2007; Meng et al., 2018; Seidler et al., 2013; 
van Rossum et al., 2011). This estimation is concerning, as suboptimal intakes may 
induce the stunting of growth, depression and poor athletic performance for an 
adolescent (Abrams et al., 1997; Kirkland et al., 2018; Laires & Monteiro, 2008; Li et 
al., 2017; Lukaski, 2000; Özdemir, 2016). Later in life, low intakes can translate into 
high risks for development of T2DM, coronary artery disease, stroke, osteoporosis and 
high blood pressure (Bain et al., 2015; Larsson & Wolk, 2007; Rooney et al., 2019). 
These findings are not necessarily applicable to the entire adolescent population of New 
Zealand, as the SuNDiAL study was not representative. There are disparities in the 
proportions of ethnicity, age and deprivation between this convenience population and 
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the true population (Statistics New Zealand, 2019). This merits further investigation to 
verify the proportion of suboptimal intakes in adolescent males using a nationally 
representative sample. If findings are confirmed, options to improve suboptimal intakes 
would need to be addressed. The tailoring of individual education around dietary 
diversification and dietary habits may improve a dietary intake enough to meet 
recommendations. As an individual’s dietary choice is based around a plethora of 
macro and micro-environmental factors, wide scale improvements may be required to 
modify food environments (Story et al., 2002). This could include fortification, 
supplementation or introduction of subsidies and taxes. At this current moment, further 
investigation into the intakes of magnesium in adolescent boys using a nationally 
representative sample is required to justify further action. 
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8. Application of Research to Dietetic Practice 
Part A: Applicability and relevance of this research to dietetic practice 
Adolescent males are a population at risk of suboptimal magnesium intakes. As this can 
lead to suboptimal growth and may influence future morbidities, it is necessary to 
question if adequate intakes are being achieved by an adolescent male client. High 
consumption of processed, takeaway and refined foods may be in large part to blame. 
Resources such as the Ministry of Health “Healthy Eating Guidelines” are commonly 
used in practice as they are an easy and effective way to communicate healthy eating to 
a wide audience. This can be a way to introduce the idea of dietary diversity to a client, 
which may increase chances of nutrient adequacy. It is important to be mindful when 
using this and other resources as this doesn’t identify magnesium poor foods and their 
alternatives. Food can be used as an effective means for fixing inadequacy, however 
qualitative and quantitative information about dietary intake is essential to reveal where 
nutritional gaps in a diet are. As this study estimated the majority of adolescent males 
consume refined flour alternatives, specific attention should be paid to wholegrain 
consumption when attempting to increase dietary magnesium. Though knowledge can 
be used as a tool to initiate change, individuals are unlikely to be motivated by this 
alone. The large estimated prevalence of inadequate magnesium intake for adolescent 
males may merit advocacy towards the introduction of nutritional policies aimed at 
increasing intakes of magnesium-rich foods. Though the effects of long-term 
consumption of inadequate intakes of magnesium are unclear, increasing the 
consumption of foods such as wholegrains, vegetables, nuts and seeds should be 
emphasised to avoid the risk of low magnesium intakes. 
As dietitians are evidenced based practitioners, it is essential to investigate 
intakes within a population frequently to ensure up to date and relevant 
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recommendations. Dietary intakes are dynamic and multifactorial. The last 
investigation into magnesium for New Zealand was in 1997. Thus, it was unclear how 
intakes were impacted by macro and micro environmental changes. It would be 
beneficial to update these studies to identify how shifts influence dietary intake, and 
where potential to increase nutrient intakes exist. 
 
Part B: Reflective Practice: What this research experience has meant to me 
This research has allowed me to step out of my comfort zone and gain confidence in 
critically evaluating literature. I became more confident in delivering current evidence 
in an honest, contextual and understandable way. I noticed that despite many of my 
friends and family having a balanced, magnesium rich diets, many took magnesium 
supplements and believed that this was the foundation for their good health and sleep. 
Many of them asked for my opinion on this when they found out I was researching 
magnesium. I was able to take into consideration their diet as well as their requirements 
and interpret the research appropriately. Upon reading the dosage and doing further 
investigation into their requirements, I was able to communicate that these supplements 
are unlikely to benefit younger, healthy individuals like themselves. They were made 
aware that nutrition isn’t a ‘one size fits all’ and supplements such as this should only 
be taken when adequate amounts are not able to be supplied by their diet alone. Since 
this, my friends and family have begun to debate whether these supplements are 
beneficial to them and their needs. It is clear dietitians play a key role in educating 
patients or clients around nutritional claims and their relevance to the individual. This 
skill will be essential when I am working as a dietitian, as the recommendations I will 
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1. Project Summary 
The aim of the SuNDiAL 2020 project is to describe the nutritional status, dietary habits, 
health status, attitudes and motivations for food choice, 24 h activity patterns and 
screen time of adolescent boys. There is very limited data about dietary intake and 
lifestyles of this age group. At least 150 males aged between 15 and 18 years will be 
recruited to participate from secondary schools throughout New Zealand between 
February 2020 and November 2020. Participants will complete two 24-hour diet recalls 
to provide an estimate of usual dietary intake, provide a blood sample for the analysis of 
biochemical status of cholesterol concentrations and HbA1c, have their blood pressure 
measured, have their height, weight, and ulna length measured, provide a urine sample 
to allow assessment of iodine intake, perform two previous day activity recalls and wear 
an accelerometer for 7 days to provide an estimate of 24-hour activity (sleep, sedentary 
behavior, screen time and physical activity), and answer questions about their attitudes 
and beliefs about the foods they choose to eat (or not eat) their dietary habits and screen 
time. Results will be used to inform public health policy about appropriate ways to 





There is a very limited up-to-date data on the dietary intakes and physical activity 
patterns of adolescent boys in New Zealand. The last Adult Nutrition Survey (which 
included adolescents 15 years and over) was conducted over 10 years ago, and it is 
likely that food patterns have changed dramatically over this time.  Physical activity 
was last assessed using accelerometers (as opposed to self-report) in 2010 as part of 
the Health Survey. However, the physical activity guidelines were updated in 2017 to 
include recommendations for the entire 24 h period, and since then no-one has 
assessed the 24 h activity patterns of a nationwide sample of New Zealand adolescent 
males. In 2019 the Department of Human Nutrition at the University of Otago 















attitudes and motivations for food choice and 24 h activity patterns of nearly 300 
female adolescents from eight centers throughout New Zealand. The SuNDiAL 2020 
project will collect comparable data from a sample of adolescent boys, facilitating 
comparisons between females and males, and the creation of an overall dataset that 
describes the diets and lifestyle habits of New Zealand adolescents. 
 
3. Aim of Study 
To describe the dietary intakes and habits, nutritional status, health status, 
motivations, attitudes, 24 h activity patterns, and screen time habits of adolescent 




To describe the dietary intake of macronutrients, sugars, fibre, and key micronutrients 
(iron, zinc, B12, folate, iodine, fluoride, magnesium, riboflavin, and calcium) in a sample 
of adolescent males in New Zealand. 
To describe the cholesterol and HbA1c concentrations, and blood pressure in a sample 
of adolescent males in New Zealand. 
To describe the 24-hour activity patterns (sleep, sedentary behavior and physical 
activity) in a sample of adolescent males in New Zealand. 
To describe the screen time habits of a sample of adolescent males in New Zealand. 
 
To describe the attitudes and motivations towards food choice/dietary patterns (e.g., 
the environment, animal welfare, health) in a sample of adolescent males in New 
Zealand. 
To describe dietary habits in a sample of adolescent males in New Zealand. 
 


























7. Study Setting/ Location 
A multi-centered study including at least 14 high schools across New Zealand. The 
localities in which data will be collected are determined by where data collectors (MDiet 
students) will be based in 2020. Data will be collected in either Term One (February to 
April) or Term Three (July to September) of the school year based on when the data 
collectors are in their locations. These locations and times for data collection are: 
• Dunedin, Term One and Term Three 
• Wellington, Term One and Term Three 
• Christchurch, Term One and Term Three 
• Hawkes Bay, Term Three 
• Tauranga, Term One 
• Auckland, Term One 
 
 
8. Study Population 
 
At least 150 male high school students between the ages of 15 to 18 years from across 
New Zealand. 
 
9. Eligibility Criteria 

















Individuals who self-identify as male and are between 15 and 18 years of age, who are 
enrolled in one of the recruited high schools, and who speak and understand English and 
are able to complete the required online questionnaires are eligible to participate. 
 
9b. Exclusion criteria 
None 
10. Study Outcomes 
10a. Primary Outcomes 
Nutrient intakes 
  
10b. Secondary Outcome(s) 
HbA1c concentrations 
Cholesterol concentrations (total cholesterol, HDL) 
Blood pressure 
Urinary iodine concentrations 
Attitudes and motivations for food choice 
Dietary habits 
BMI z-score 
24-hour activity patterns (time spent in sedentary behavior, physical activity and sleep) 
Screen time 
Weight gain or loss intentions & methods 
 
 
11. Study Procedures 
11a. Recruitment of participants 
 School-based recruitment 
High schools in the areas in which data collectors are based will be invited to participate. 
Initially an email invitation will be sent to all schools who have males enrolled and have 
a total roll of greater than 400. The PIs (JH and MP) and/or the SuNDiAL coordinator 















email contact does not result in the targeted number of schools enrolling in the study 
(at least one school per pair of data collectors), schools in the data collection area may 
be recruited via word of mouth. Schools who are interested will provide written consent 
to participate (signed by an appropriate representative from the school), after which, 
dates and times for the research teams to visit will be arranged. 
 
Master of Dietetic students (the data collectors) will visit participating schools early in 
the term to initiate recruitment of students within the school. This visit may include a 
presentation to school or year group assemblies, showing a recruitment video that 
explains what is involved in the study and providing the school with electronic and/or 
print information that can be circulated with the school newsletters and posted on 
school related social media sites etc. Facebook/Instagram ads featuring part or all of the 
recruitment video may also be run in data collection locations targeting males aged 15-
18 y. 
 
School students who are interested in participating will be given the opportunity to 
provide their name, age, and email address after the in-school presentation, where 
information sheets will be available. Alternatively, school students will also be able to 
visit the study website (www.otago.ac.nz/sundial) where they will be able to read more 
information about the study, watch the recruitment video about what is involved in 
participating, and read the information sheet. Individuals interested in participating can 
then provide their name, age, email address, and high school to the website. 
 
The SuNDiAL coordinator will email potential participants a link to a REDCap 
questionnaire, at this point they will be assigned a study id code and complete online 
consent. Following consent, they will answer a series of questions about demographics 
and health. Potential participants are free at any time to contact investigators via phone 
or email to ask questions about participating in the study. Once the potential participant 
clicks the link which takes them to the REDCap questionnaire, a unique ID number will 















age, they will be asked to provide the email address of a parent/guardian, who will then 
be contacted and asked to provide online consent for their son to participate before the 
link to the study is sent to the participant. 
 
11b. Study procedure 
Once participants have completed online consent, and answered the initial demographic 
and health questions, they can continue on to complete the rest of the online 
questionnaires or return to complete them later. These additional questionnaires assess 
dietary habits, and attitudes and motivations to food choice, as well as weight-loss 
intentions and methods. These are administered on the web application REDCap and are 
completed in their own time. 
 
Participants will be contacted by data collectors (either by phone or email) to be 
scheduled to attend a visit with study investigators at school, during school time. During 
this visit participants will carry out a 24-hour dietary recall and a previous day activity 
recall with one of the Master of Dietetics students. Height, weight and ulna length will 
be measured in duplicate and blood pressure measured in triplicate. It is expected that 
this part of the data collection visit will take approximately 60 minutes to complete. 
 
Individuals who consent to wear an accelerometer will be fitted with an Actigraph GT3x+ 
accelerometer to be worn on an elasticated belt over their right hip continuously for 24 
hours a day for seven days. Participants wearing an accelerometer will also be asked to 
complete a sleep and wear time diary over the time which the accelerometer is worn, 
which will involve recording the times they went to bed and to sleep each night, and to 
record any time for which the accelerometer was removed for more than five minutes. 
Actigraphs and sleep & wear time diaries will be collected eight days after the initial visit 
by a data collector. 
 
A second 24-hour dietary recall and previous day physical activity recall will be 















to capture the variation in dietary intake and activity between different days of the week, 
including weekend days. Completion of these second recalls will take participants 
approximately 45 min. 
 
Participants who consent to providing a blood sample will have one collected by the 
trained phlebotomist/research nurse at an appointed time. Participants may also 
provide a urine sample (collection of biochemical samples may occur on a separate day 
to the 24 h recall depending on the availability of the phlebotomist). 
 
11c. Measurement tools used 
 Demographics and health status 
After the participant has given consent (and a parent or guardian has given consent if 
they are 15 years of age) then they will continue on to an online questionnaire assessing 
demographics and health status, such as whether they are diabetic or have any food 
allergies. This is administered in REDCap. Ethnicity will be assessed using the 2006 New 
Zealand census question. Home address will be used to determine New Zealand 
Deprivation Index. 
 
 Dietary habits, weight gain or loss intentions & methods, attitudes and motivations for 
 food choice 
Dietary habits, and attitudes and motivations for food choice will be assessed via 
questionnaires administered in REDCap. These online questionnaires will be available for 
the participant to complete in their own time after they have consented. The majority 
of these questionnaires are based on previously validated questionnaires [1- 6] where, 
if necessary, modifications (such as changing of country specific jargon) have been made 
to make them suitable for New Zealand male adolescents. 
 
 Dietary intake 
Estimates of dietary intake will be calculated for each participant through the 















recall everything they ate from midnight to midnight the previous day (see 24 h recall 
protocol in appendix). Participants will be probed to recall details such as brands of food 
items and cooking methods. Participants will be asked to estimate quantities using 
household measures, food models, and photographs of different portion sizes. 
The recalled foods and portion sizes will then be entered into FoodWorks 9 (Xyris 
Software Australia Pty Ltd) by the MDiet students to calculate the energy, 
macronutrients and micronutrients contained in the recalled diet. FoodWorks uses the 
most up-to-date and comprehensive food composition tables for New Zealand 
(FOODfiles 2018 (The New Zealand Institute for Plant & Food Research Limited)) which 
was enhanced by the inclusion of ANS0809 recipe calculated foods. The administration 
of a second 24 h diet recall will allow for an estimation of ‘usual intake’, by using the 
MSM programme to adjust for the within-person variation in intakes [7]. 
 
 Physical Activity and Screen time 
Estimates of physical activity and screen time will be calculated through the completion 
of two previous day physical activity and screen time recalls. During each recall 
participants will be asked to identify the main activities they did outside of school time 
for each 30 min block of time from midnight to midnight the previous day. Participants 
will also be asked to identify the physical intensity (from very light to hard) for each 
activity that was performed, the posture (sitting, standing, or stepping) it was performed 
in, and whether they were interacting with a screen (phone, tablet, computer or TV) 
while they performed that activity. The information reported in each recall will be 
entered by the MDiet students into REDCap, and activities will be summed based on 
intensity and posture to provide an estimate of physical activity and sedentary time, as 
well as to provide an estimate of total screen time. The administration of the second 
physical activity and screen time recall will allow for estimation of ‘usual time’ spend in 
each activity using the MSM programme to adjust for the within-person variation in 
intakes [7]. 
 















Blood pressure will be measured via a digital blood pressure monitor (OMRON HEM- 
907; Omron Healthcare, Japan) using the right arm and an appropriately sized cuff. 
Participants will rest in a seated position for 15 minutes prior to having three 




All data collectors will be trained to measure height, weight, and ulna length (see 
anthropometry protocol in appendix) according to study protocols, which are based on 
published protocols [8, 9]. Height will be measured in duplicate using stadiometers (Seca 
213; and Wedderburn), weight will be measured in duplicate using scales (one of 
Medisana PS420; Salter 9037 BK3R; Seca Alpha 770; or Soehnle Style Sense Comfort 
400) that have been calibrated by the research team. Ulna length will be measured in 
duplicate using a flexible steel measuring tape on the non-dominant side. 
 
 Biological specimens 
A total of 12 ml of blood will be collected into two tubes by a trained phlebotomist (see 
blood and urine protocol in appendix). This blood will be transported to a local laboratory 
affiliated with Southern Community Laboratories by the phlebotomist where 
measurements of cholesterol and HbA1c will take place. 
 
The urine sample will be collected by the participant, using equipment provided, and will 
be transferred into a storage container and then transported on ice to the Department 
of Human Nutrition at the University of Otago in Dunedin by the local laboratory who is 
performing the processing of blood samples. Samples will be stored at -20°C until 
analysis of iodine concentrations are done. 
 
 24-hour activity 
24- hour activity patterns will be assessed using data collected using the Actigraph GT3x+ 















downloaded using Actilife software and deposited electronically onto the password 
protected SuNDiAL folder on the University’s shared server. Accelerometer data will 
then be transferred into Stata (StataCorp. 2017.Stata Statistical Software: Release 16. 
College Station, TX: StataCorp LLC) where it will be cleaned, wear time and sleep time 
will be entered, and age appropriate cutoffs used to identify time spent in sleep, 
sedentary behavior, as well as light, moderate and vigorous physical activity for each 24-
hour period. The use of both the physical activity and screen time recall and 
accelerometer to identify physical activity allow for both accurate, more objective 
assessment of physical activity (via accelerometer) and contextual information about the 
specific modes of activity being performed (via the recall). 
11d. Data monitoring and quality control 
No formal data monitoring will take place. 
 
Data collection will be the responsibility of investigators under the supervision and 
direction of the PIs. The use of REDCap will minimize the need for extensive data entry 
and cleaning, although checks of each variable will be undertaken before statistical 
analysis takes place. 
 
Quality control will be ensured by developing standard operating procedures for all data 
collection, including: 
• 24-hour dietary recall; 
 
• Previous day activity recall 
 
• Anthropometry (height, weight, ulna length); 
 
• Blood pressure; 
 
• Fitting the accelerometers; 
 
• Collection of blood sample and urine samples; 
 















• Data entry into REDCap 
 
 
To further ensure the quality of the data collected, all data collectors (MDiet students) 
will have completed a six-week research methods paper in the previous year, led by the 
PIs. This focuses on preparing them for this research project. A further two weeks of 
intensive training in data collection procedures will occur prior to data collection. 
The intensive training will be led by the PIs (Drs Jill Haszard and Meredith Peddie) with 
expertise brought in as needed (e.g., to teach about FoodWorks and food composition 
tables). This will cover obtaining informed consent, conducting research studies, dietary 
data collection and anthropometric measurements, handling biological samples, and 
fitting accelerometers. 
During data collection, the students will receive ongoing support and supervision from 
the study investigators. 
 
12. Statistical Considerations and Data Analysis 
12a. Sample size and statistical power 
To estimate mean nutrient intakes with a 95% precision interval, 100 participants will be 
required to give a precision level of +/-0.2 SD (standard deviations). To allow for drop-
outs, incomplete data and a small design effect from school clusters, we aim to recruit 
at least 150 boys. In a similar study of adolescent girls (SuNDiAL Project 2019) the intra-
class correlation for nutrient intakes within schools was small (less than 0.04), meaning 
that the design effect from school clusters is likely to be less than 1.5 (if at least 10 boys 
from each school participate). 
 
12b. Statistical methods 
Statistical analyses will be carried out using Stata (StataCorp. 2017.Stata Statistical 
Software: Release 16 College Station, TX: StataCorp LLC). School clusters will be 















survey command, a sandwich estimator, or as a random effect). Dietary intake estimates 
will be adjusted for ‘usual intake’ using the Multiple Source Method (MSM) [7]. 
Estimates of prevalence and means will be reported with 95% confidence intervals. All 
data management and statistical analysis will be overseen by the study biostatistician, 
Dr Jill Haszard (PI). 
 
13. Ethical Considerations 
13a. Ethical Standards 
This study is conducted in full conformity with the current revision of the Declaration of 
Helsinki, or with the International Conference for Harmonization Good Clinical Practice 
(ICH-GCP) regulations and guidelines, whichever affords the greater protection to the 
participant, as well as the laws and regulations of New Zealand. All dietetic students are 
trained under the Code of Health and Disability Services Consumers' Rights 1996. They 
adhere to the New Zealand Dietitians' Board Code of Ethics. 
 
13b. Quality Assurance 
This research will be conducted by researchers who are highly skilled in the technical 
aspects of this research study, in particular dietary and nutritional assessment. 
 
13c. Risks/safety considerations 
All data collectors (dietetic students) have been vetted by the New Zealand Police under 
Vunerable Children Act (2014). 
 
 Participant Burden: To reduce the respondent burden for the participant, 
questionnaires will be completed online in their own time. For those recruited through 
schools, completing the second dietary assessment recall and previous day activity recall 

















 Blood sampling: There is a risk of discomfort, pain and bruising from the blood test. 
Participants will be informed of these risks, and an experienced nurse or phlebotomist 
will collect the blood samples and ensure strict aseptic technique is followed during 
blood collection to minimize any risk of infection. 
 
The data collectors will be briefed on health and safety policies and procedures at their 
respective schools and will comply with these for the duration of the study. Examples of 
such policy and procedure will include, but not be limited to: 
Emergency procedures 
Biological sample handling 
 
MDiet students have been vaccinated for Hepatitis B as a requirement for admission into 
the Dietetics program. 
 
 Informed Consent Process 
Information about the study will be provided to potential participants at either an in- 
school presentation; and/or through the website, where an informative video about the 
study can be viewed and a detailed information sheet will be available. The information 
sheet will also be provided at the school presentation. Participants will be encouraged 
to discuss this with their family/whānau. Participants can enter their name, age, email 
address, and school on the website (or on a sign-up sheet at the school presentation) if 
they are interested in participating. At this point an ID number will be assigned to them 
and an email sent with a link to the consent form. If at any time potential participants 
have questions about the study they can contact the investigators via email or phone. 
Once participants have had all their questions answered they can provide consent by 
completing the consent form electronically. The participant (or their legally authorised 
representative) can withdraw consent at any time throughout the course of the study. 
















 Participant Confidentiality 
Participant confidentiality is strictly held in trust by the investigators. This confidentiality 
is extended to cover testing of biological samples and to the clinical information relating 
to participants. 
 
Upon enrolment, participants will be assigned a unique identifying code, this is done 
automatically by REDCap. To preserve confidentiality, during data collection all data will 
be recorded against this ID number. The information linking the code to the participant’s 
identity will be stored in a separate password protected file that only the PIs (MP and 
JH) and the SuNDiAL coordinator will have access to. 
 
Responses to online questionnaires will be electronically linked to study ID numbers, as 
will accelerometer data. Study ID number will also be written on all biological sample 
tubes and the recording sheets for anthropometry measurements and 24 h recalls. 
 
 Follow-up 
Once the data from the study has been analyzed, the participants will be provided with 
an overall summary of the results. Participants are also free to request a copy of their 
individual data. All participants who provide a blood sample will also be emailed their 
cholesterol and HbA1c concentrations, with a note about how to interpret these values. 
If concentrations are outside the normal range (>4 mmol/L for total cholesterol, or >41 
mmol/mol for HbA1c) they will be encouraged to tell their parents and discuss these 
results with their doctor. Participants whose blood pressure is measured to be above 
130/90 will be sent an email encouraging them to tell their parents and make an 
appointment to see their doctor (GP). 
 
Participating schools will also be provided with a summary of both the overall results as 
well as a summary of selected results obtained from their school (e.g. percentage of boys 















If student investigators are concerned about an aspect of the nutritional or mental 
health of a study participant, they may suggest that the participant contact their school 
counsellor and/or nurse. 
 
 Data Management 
Data will be collected as per Standard Operating Procedures and cleaned as per 
standard data entry procedures. Data quality checks will be run on all entered data to 
check for accuracy, consistency and completeness. The results database will be stored 
on the investigators’ computers, all of which are password protected. A backup copy 
may also be stored on the University’s shared server space, but only the PIs (JH and 
MP) will have the password that will enable access to the data stored on the server. 
 
Information linking participant identity to their ID number will be stored in a separate 
password protected file that only the PIs (JH and MP) will have access to. The only 
reason this information will be accessed once the study is completed is if the 
participant requests their individual results. This file will be destroyed once all 
participants have been given the opportunity to request individual information. The 
de-identified information collected as part of this research will be retained for at least 
10 years in secure storage. 
 
14. Outcomes and Significance 
There is currently no up-to-date data available on the dietary intakes and physical 
activity patterns of adolescent boys in New Zealand. This study will provide a meaningful 
investigation into the nutritional intakes, physical activity and health status of New 
Zealand adolescent males. This study, combined with the female data collected in 2019 
will provide an up to date picture of what adolescents in New Zealand are eating and how 
much sleep, physical activity and sedentary time they are accumulating. The collection  
















outputs and aids in the identification of appropriate guidelines and/or further 














































Dr M Peddie 
Department of Human Nutrition 
Division of Sciences 
Academic Services 
Manager, Academic Committees, Mr Gary Witte 
 
 




Dear Dr Peddie, 
I am again writing to you concerning your proposal entitled “SuNDiAL Project: Survey of 
Nutrition Dietary Assessment and Lifestyle 2020: Adolescent males.”, Ethics Committee 
reference number H20/004. 
 
Thank you for your email of 5th February 2020 with response attached addressing the issues 
raised by the Committee. 
 
On the basis of this response, I am pleased to confirm that the proposal now has full ethical 
approval to proceed. 
 
The standard conditions of approval for all human research projects reviewed and approved by 
the Committee are the following: 
 
Conduct the research project strictly in accordance with the research proposal submitted and 
granted ethics approval, including any amendments required to be made to the proposal by the 
Human Research Ethics Committee. 
 
Final report: A Final Report is required by the Committee upon completion of the study. The 
Final Report template can be found on the Human Ethics Web Page 
https://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html 
 
Adverse or unforeseen events: Inform the Human Research Ethics Committee immediately 
of anything which may warrant review of ethics approval of the research project, including: 
serious or unexpected adverse effects on participants; unforeseen events that might affect 
continued ethical acceptability of the project; and a written report about these matters must  be 
submitted to the Academic Committees Office by no later than the next working day after 
recognition of an adverse occurrence/event. Please note that in cases of adverse events an 







Discontinuation: Advise the Committee in writing as soon as practicable if the research project 
is discontinued. 
 
Amendments: Make no change to the project as approved in its entirety by the Committee, 
including any wording in any document approved as part of the project, without prior written 
approval of the Committee for any change. If you are applying for an amendment to your 




Locality authorisation: Studies requiring locality authorisation, i.e. permission from the 
organisations at which the study is taking place or from which participants are being accessed, 
must be confirmed before the study commences. 
 
Approval period: Approval is for up to three years from the date of this letter. If this project has 
not been completed within three years from the date of this letter, re-approval or an extension 
of approval must be requested. If the nature, consent, location, procedures or personnel of your 






Mr Gary Witte 
Manager, Academic Committees 




c.c. Assoc. Prof. L Houghton Department of Human Nutrition 
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Wednesday, 12 February 2020 
 
Dr Meredith  Peddie 





Tēnā Koe Dr Meredith Peddie, 
 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 2020: 
Adolescent males 
 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 
11 February 2020 to discuss your research proposition. 
 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the  
University. In the statement of principles of the memorandum it states ″Ngāi Tahu 
acknowledges that the consultation process outline  in this policy provides  no  power 
of veto by Ngāi Tahu to research undertaken at the University of Otago″. As such,   
this response is not ″approval″ or ″mandate″ for the research, rather it is a mandated 
response from a Ngāi Tahu appointed committee. This process is part of a number of 
requirements for researchers to undertake and does not cover other issues relating    
to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 
 
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan: 
 
″Consultation does not mean negotiation or agreement. It means: setting out a 
proposal not fully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have to 
say with an open mind (in that there is room to be persuaded against the proposal); 
undertaking that task in a genuine and not cosmetic manner. Reaching a decision 
that may or may not alter the original proposal.″ 
 
The Committee is aware of the researcher's experience in similar studies that have 
been referred to this Committee. As in the past, the Committee encourages the 
collection of ethnicity data as part of the research project as a right of participants to 
express self-identity. The Committee also supports the analysis of cultural 
perspectives on diet, nutrition and social activities such as screen time which may 
have an impact on the research findings. 
 
The Committee acknowledges the aims and outcomes of this research project, and 
wishes to advise that further consultation is not required. 
 
This letter of suggestion, recommendation and advice is current for an 18-month 







appreciate receiving a copy of the research findings. 
 
 
The recommendations and suggestions above are provided on your proposal 
submitted through the consultation website process. These recommendations and 
suggestions do not necessarily relate to ethical issues with the research, including 
methodology. Other committees may also provide feedback in these areas. 
 




Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development 
Te Whare Wānanga o Otākou 





























































































































































































Thank you for agreeing to taking part in the SuNDiAL project! If you are male and aged 15-18 

































If you agree to do these, but change your mind later, that's OK - there is no disadvantage to 
you if you decide not to do these. 
There are three other parts to the SuNDiAL project that are optional. Please read the 
following information carefully before you decide whether to take part in these optional 
bits of the study. For each one of these that you do, you will receive a $5 gift voucher from 
New World or PaknSave. 
Thank you! You are eligible to take part in the SuNDiAL project! 

















































































Please answer the following questions: 
105	 





































We need a bit more information about you. 
 
Please provide an address where we can send your voucher: 
106	 

























Have you ever been told by your doctor that you haQ,Yes 
high blood pressure? O-No 
 





Have you been diagnosed with diabetes? Oves 
ONo 
 
If so, which type? 0 
0 
0 
Type 1 diabetes 
Type 2 diabetes 
Don't know 
 
Do you avoid eating gluten? Oves 
ONo 
 
Have you been diagnosed with either coeliac disea.:.G Yes - coeliac disease 
or gluten intolerance? - 0 Yes - gluten intolerant 
0 No diagnosis but suspected in tol 
0 No 
 
Have you been diagnosed with a food allergy or 
intolerance? [not gluten) 
 









Other: please specify 
 
 
Are you vegetarian or vegan? Oves 
ONo 
Which foods do you eat? [Select as many as apply) □ Egg 
□0 Milk  [ not plant milk like soy mil1 
Fish or seafood 
D Chicken or poultry 
D Meat/red meat occasionally 
D None of the above 
 
Are you vegan? Oves 
ONo 
 
Howlong have you been following this way of eatinG?Less than a month 
0 Between 1 and 6 months 
0 Between 6 months and 1 year 
0 Between 1 and 2 years 




















































Appendix F: Dietary Habits Questionnaire 
 
Contidential 









On average how many servings of fruit - fresh, frozen, canned or stewed - do you eat per day or per week? 
Do not include fruit juice or dried fruit. 
 
A serving is the same as a medium piece of fruit like an apple or two small pieces of fruit like two apricots, or half a 
cup of stewed or canned fruit. 
Never I don't eat fruit 
Less than 1 serving a week 
1 serving a week 
2-4 servings a week 
5-6 servings a week 
1 serving a day 
2 servings a day 
3 servings a day 
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On average how many servings of vegetables - fresh, frozen or canned - do you eat per day or per week? 
Do not include vegetable juices. 
 
A serving is the same as one potato, half a cup of peas or a cup of salad. 
 
Never I don't eat vegetables 
Less than 1 serving a week  
1 serving a week 
2-4 servings a week 
5-6 servings a week 
1 serving a day 
2 servings a day 
3 servings a day 
More than 3 servings a day 
Vegetables 











On average how often do you eat bread? 
 
Include slices of bread, rolls, bagels, wraps, and gluten-free bread. 
 
Never I don't eat bread 
Less than once a week 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
Twice a day 
3 times a day 
More than 3 times a day 
 
What type of bread, rolls or toast do you eat most of the time? 
 
White 
Wholemeal (brown colour) 
Light grain - has some grains but soft to eat (eg honey grain) 
Heavy grain - has some grains and a bit chewier (eg Vogels) 
Other (please specify) 
 
If Other, please specify: 
 
                                   
Bread 











How often do you have milk (cow's milk or plant milk)? 
 
I do not have any milk 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 




Plant-based milk (eg soy, rice, almond, coconut) 
Other (such as goat or sheep milk) 
 
What kind of milk do you usually have? 
 
Whole or standard milk (Dark blue or silver) 
Reduced fat (light blue) 
Skim or trim (green or yellow) 
Other (please specify) 
 








Sweetened or flavoured 
Milk 











What type of spread do you use the most of? 
 
None 
Butter (including semi soft) 
Margarine (eg canola, sunflower, olive oil based, or table spread) 
Other (eg avocado, cream cheese), please specify 
I don't know 
 










Oil (eg olive, canola, or one in a bottle) 
Dripping or lard 
I don't know 
Spreads and Oils 


































































































































































































   
 
 
   
 
 
   
 
 
   
 
 


































































































































   
 
 
   
 
 
   
How often do you eat nut butters? 
















Dairy products excluding milk 
(eg cheese, yoghurt - don't 


































































   
 
 
Processed meat (eg ham, bacon,                                                                                                                                      
                                                                                                                                     sausages, luncheon, canned 
corned beef, pastrami, salami) 
 
Other red meat (including beef,                                                                                                                                      
 lamb, venison etc don't include 
processed meat) 
 
Pork                                                                                                                                       
Poultry (including chicken,                                                                                                                                      
 turkey etc) 
Fish                                                                                                                                       
Other seafood/shellfish (eg                                                                                                                                      
 prawns, squid, crab) 
 
 











How often do you eat lentils, chickpeas, kidney beans or baked beans? (Don't include peas or peanuts) 
 
I do not eat legumes 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Legumes 











How often do you eat tofu, tempeh and tofu products? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian ingredients (like quorn, nut meat, vegetarian mince) that are used in other dishes? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian sausages, nuggets, patties etc? 
 
I do not eat vegetarian meat alternatives 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian "meat alternatives" (like chicken-free chicken, vegetarian chicken schnitzel, 
meat-free bacon rashers etc)? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Other Foods 











How often do you drink diet drinks or drinks labelled "sugar-free"? 
 
I do not drink diet or sugar-free drinks 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you drink fizzy drinks? Don't include diet varieties. (eg Coca-cola, Pepsi, lemonade) 
 
I do not drink fizzy drinks 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you drink fruit juices, drinks or cordials? (eg Just Juice, Fresh-up, Keri, Golden Circle, Ribena, Charlie's, 
Raro). 
 
Don't include diabetic, diet or sugar-free varieties. 
 
I do not drink juice or cordial 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you drink energy drinks? (eg V, Lift plus, Red Bull, Powerade) 
 
I do not drink energy drinks 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Sweet Drinks 











How often do you have a drink containing alcohol? 
 
Never 
Monthly or less 
2 to 3 times a month 
Once a week 
2 to 3 times a week 
4 or more times a week 
 
How many drinks containing alcohol do you have on a typical day when you are drinking? 
1 or 2 
3 or 4 
5 or 6 
7, 8 or 9 
10 or more 
Alcohol 











How often do you eat lollies, sweets, chocolate or confectionary? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat biscuits, cakes, slices, muffins, sweet pastries or muesli bars? 
Include nut and other sweet snack bars. 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat savoury snacks such as chips (crisps not hot chips) and crackers? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Snacks 











How often do you eat fast food or takeaways from places like McDonalds, KFC, Burger King, Pizza shops or fish and 
chip shops? 
 
I do not eat fast food 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat pies and other hot food that you buy ready-to-eat? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Fast Food 











How many days in an average week do you have something to eat for breakfast? 
 
I don't usually have breakfast 
1 day a week 
2 days a week 
3 days a week 
4 days a week 
5 days a week 
6 days a week 
7 days a week 
Breakfast Consumption 











Did you take any supplements during the last year? Yes 
No 
 
What type of supplement was it? (Select as many as apply) 
 
Multivitamin and/or multimineral 
Single vitamin or mineral 
Sports supplement (including protein powders or shakes) 
Other (please specify) 
 
Multivitamin and/or multimineral: Daily 
How often did you take the supplement in the last 12 More than once a week 
months? Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
 
Multivitamin and/or multimineral: 
 
If you know the brand name and/or the product name                                                                                                                   
please write them here. Please provide as much 
information about the product as possible. 
 
Multivitamin and/or multimineral: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
 
Single vitamin or mineral: Please tell us what 
vitamin or mineral it was:                                    
 
Single vitamin or mineral: Daily 
How often did you take the supplement in the last 12 More than once a week 
months? Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
 
Single vitamin or mineral: 
 
If you know the brand name and/or the product name                                                                                                                   
please write them here. Please provide as much 
information about the product as possible. 
 
Single vitamin or mineral: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
Supplement Use 










Sports supplement (including protein powders or Daily 
shakes): More than once a week 
How often did you take the supplement in the last 12 Once per week 
months? Monthly 
Regularly but for a limited time 




If you know the brand name and/or the product name                                                                                                                   
please write them here. Please provide as much 




If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
 
If Other, please specify: 
 
Other: Daily 
How often did you take the supplement in the last 12 More than once a week 
months? Once per week 
Monthly 
Regularly but for a limited time 




If you know the brand name and/or the product name                                                                                                                   
please write them here. Please provide as much 




If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 











Please add any comments you may have about this 
questionnaire here: 
Do you have any comments about this survey? 
128	 




















































Go on to collect specific information that is relevant to each food based on the tips 
provided on the tip sheet. Record as much specific information as you can. Record 
each food item in a different row. 
 
Use the photos and measurement aids to help the participant estimate the portion size. 
Remember that brand and package size will always give you the most accurate 
information. 
 
Before you go onto the next food on the quick list be sure to ask if they added anything 





















Record preferred times - remember, ideally this second 24 h recall will occur on a 
randomly selected day, but that might not always be possible (at the very least it 
should be a different day of the week than today) 
 
































































































































Feet flat – heels 
together; feet 
pointed outward 
at 60o angle 





























































































Appendix I: Food photo-book 
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